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NOW  AUTOMATIC 

TEMPERATURE   CERTIFICATION 

FOR   INTERNATIONAL 
HIGH  ACCURACY  CRYSTALS 


International  High  Accuracy  Crystals  (HA-1 
type)  receive  a  five-point  temperature  check 
at  60^C,  25 ''C,  O^C,  -10"C  and— 30^C.  The 
temperature  vs  frequency  test,  recorded 
automatically  from  an  electronic  readout 
printer,  is  supplied  with  each  individual 
crystal.  This  special  service  (at  no  extra 
cost)   is   your   assurance   of  crystal    perfor- 
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mance  at  tested  temperatures.  We 
will  furnish  additional  tempera- 
ture readings  (on  request)  for  a 
nominal  charge.  Note:  Our  cali- 
bration service  is  ayailable  to 
cuBtomBrs  desiring  temperature 
run  on  other  crystal  types  and 
oscHlators. 
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This  is  one  of  three  photos  taken  by  Rex  Heflin,  an  Orange  County 
highway  Inspector,  in  August  1965.  The  UFO  approached  from  the  left, 
hovered  over  the  road,  moved  right,  hovered  over  the  field,  moved  off  and 
accelerated  out  of  sight*  The  sighting  lasted  approximately  20  seconds. 
Helfin  took  this  photo  through  the  front  windshield  of  his  truck  This  photo- 
graph is  by  courtesy  of  the  National  Investigations  Committee  on  Aerial 
Phenomena.    1536  Connecticut  Avenue^  N.W,,  Washington,  D,C.  20036. 


THE 

UFO 
NET 


Wayne   Green  W2NSD/I 


Last  month,  in  my  editorial,  I  suggested 
the  organization  of  an  amateur  radio  net- 
work for  reporting  UFO  contacts.  This  idea 
has  met  with  widespread  entliusiasm,  I  am 
happy  to  report. 

There  has  to  be  a  good  reason  for  a  net- 
work to  exist  if  it  is  going  to  be  successful. 
In  tliis  case  amateur  radio  is  probably  the 
only  medium  that  can  help  speed  the  solution 
of  the  UFO  mystery.  The  basic  problem  is 
simple:  Though  there  have  been  himdreds 
of  thousands  of  sightings  of  UFO's^  these 
contacts  are  usually  of  such  a  short  duration 
that  it  is  difficult  or  impossible  to  take 
adequate  pictures  or  make  any  scientific 
invest! gations  of  the  phenomena. 

Amateur  radio,  by  virtue  of  its  ubiquity, 
can  make  it  possible  for  advanced  warning 
to  be  forwarded  of  approaching  UFO's.  This 
in  turn  can  make  it  possible  for  pictures 
and  scientific  tests  to  be  prepared,  once  the 
probable  path  of  die  UFO  has  been  deter- 
mined. 

Amateurs  who  are  interested  in  participat- 
ing in  this  net  should  have  an  effective  sta- 
tion set  up  on  80,  40  or  20  meters,  I  suggest 
the  frequencies  of  3900,  7250  and  14,250 
kHz,  The  next  step  is  to  alert  the  local 
police  that  you  are  participating  in  tlie  UFO 
network  so  that  thty  will  know  to  call  you 
if  anything  is  reported  to  their  department* 
Then  you  should  get  in  touch  with  every 
user  of  mobile  radio  in  your  vicinity  and 


give  them  your  phone  number  so  they  can 
notify  you  in  case  of  a  sighting.  This  can 
cover  your  local  CB  group,  any  aunateur 
radio  mobiles,  taxis,  doctors,  vets,  sheriffs 
departments,  road  crews,  trucks,  public 
service,  forestry,  etc*  Give  your  card  to  the 
local  newspapers  and  radio  stations.  They 
frequently  are  informed  of  UFO  contacts 
first. 

Once  you  have  your  community  as  in- 
formed as  possible  about  calling  you  in  case 
of  a  UFO  report  it  is  time  to  write  a  release 
to  the  paper  and  radio  station  telling  them 
all  about  it  so  they  can  give  you  further 
pubUcity,  Tliis  will  be  helpful  to  amateur 
rLidio  too*  We  need  all  of  the  pubhcity  we 
can  get,  as  you  know. 

The  UFO  network  will  be  rather  informal 
at  first.  There  are  at  present  no  fixed  net 
control  stations.  We  are  Lnterested  in  hear- 
ing from  operators  situated  around  the 
middle  of  the  country  who  have  very  good 
signals  and  who  have  the  interest  and  time 
available  to  help  establish  nets  on  the  three 
major  bands*  In  time  I  believe  we  will  have 
a  net  that  can  be  alerted  anytime  of  the 
day  or  night,  possibly  with  an  alerting  tone 
system.  During  the  early  phase  of  the  net 
I  suggest  that  we  get  together  at  0000  GMT 
and  discuss  organization  and  plans- 

The  plans  for  the  net  have  been  discussed 
with  the  University  of  Colorado  UFO  inves- 
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NEW  CONCEPT  IN  ITS  EXCITING 
BEAM  ANTENNA  PROGRAM 


Any  knowledgeable  DX'er  will  tell 
you  the  secret  is  in  the  antenna.  For 
over  a  year  Henry  Radio  has  provid- 
ed an  exciting  beam  antenna  pack- 
age program  allowing  the  average 
amateur  to  own  an  efficient,  and 
unbelievably  economical  antenna 
package  .  ,  <  pre-engineered,  pre- 
matched  and  pre-packaged  to  suit 
his  pocketbook  and  requirements. 
NOWl  This  world  famous  antenna 
program  moves  forward.  NOWI 
You  can  have  the  antenna  of  your 
choice  at  the  same  incredible  saving. 


Basic  package  No,  HR-1 

♦Tristao  CZ-337  New  concept  40  ft. 

crank-up  tower  w/mast 
CDR  TR-44  rotator 
100  ft.  RG-58  A/U  Coax 
100  ft.  Control  cable 

Compfete  with  one  of  the  folfowing: 

Hy-Gain  TH-3  Jr.  antenna  $325.00 
Hy-Gain  TH  2  Mk  3  antenna  $325,00 
Hy**Gain  DB  10-15A  antenna  $325.00 
Hy-Gain  203BA  antenna  $330.00 
Hy-Gain  TH-3  Mk  3  antenna  $375.00 

A  savings  of  approximately  $70.00 


Basic  package  No.  HR-2 

*Tristao  CZ-454  New  Concept  60  ft. 
crank*up  tower  w/mast 
CDR  TR-44  rotator 

100  ft,  RG-58  A/U  Coax 
100  ft.  Control  cable 

Complete  witli  one  of  the  following: 

Hy-Gain  TH-3  Jr.  antenna  $480.00 
Hy-Gain  TH-2  Mk  3  antenna  $480.00 
Hy-Gain  DB  10-15A  antenna  $480.00 
Hy-Gain  203BA  antenna  $485.00 
Hy-Gain  TH-3  Mk  3  antenna  $520.00 

A  savings  of  approximately  $90.00 


Basic  package  No.  HR-3 

♦Tristao  CZ-454  New  Concept  60  ft. 
crank*up  tower  w/mast 
CDR  Ham-M  rotator 
100  ft.  RG- 8/ U  Coax 
100  ft.  Control  eable 

Complete  with  one  of  the  following: 

Hy-Gain  TH-3  Mk  3  antenna   $560.00 
Hy-Gain  204  BA  antenna 
Hy-Gain  402  BA  antenna 
Hy-Gain  TH-6  DXX  antenna 
Ky-Gain  DB-24B  antenna 


$565.00 
$575.00 
$590.00 
$620,00 


A  savings  of  approximately  $120.00 


♦Free  standing  tower  $10,00  extra 

AH  complete  packages  are  priced  freight  prepaid  to  your  door  in  the  continerjtal 
USA,  Substitutions  may  be  made . , .  write  for  prices.  And  remember,  you  can 
buy  on  time.  You  can  trade  your  used  transmitter  or  receiver.  You  can  rely  on 
Henry  Radio  to  supply  the  finest  equipment  and  the  best  value, 

CALL   DIRECT   «   .    .    USB   AUA   CODE 


Butler,  Missouri,  54730 

11240  W.  Olympic,  Los  Angeles.  Calif,  90064 

931  N.  Euclid,  Anaheim.  Calif.,  92801 

World's  largest  Distributor  of  Amateur  Radio  EquipmenV^ 


816  679  3127 

213  477-6701 
714  772-9200 


OtlU 


In  1939,  the  first  foreign  broadcast  in- 
truders invaded  our  40  meter  band*  At  that 
time  ARRL  assured  us  that  their  influence 
with  the  State  Department  would  soon  have 
our  band  clear  again.  The  League  gave  it  a 
good  try,  but  unfortunately  amateur  radio 
was  not  strong  enough  to  buck  the  invaders 
and  today  we  have  a  multitude  of  foreign 
broadcast  stations,  not  only  on  the  7  MHz 
band  J  but  on  other  bands  as  well* 

The  international  agreement  on  sharing 
the  bands  v^th  broadcast  stations  is  that 
they  are  welcome  to  use  the  amateur  bands 
provided  they  do  not  cause  undue  interfer- 
ence. They  do  cause  undue  interference  and 
vStill  nothing  can  be  done  about  it  from  the 
standpoint  of  ITU, 

We  ask  how  they  can  get  away  with  this 
outfage.  It  is  easy.  Every  time  the  ques- 
tion comes  up  as  to  their  interference,  they 
protest  that  they  are  not  beaming  their  sig- 
nals to  the  U.S.  If  you  look  at  a  schedule 
of  Radio  Moscow's  broadcasts^  they  all  say 
they  are  beaming  toward  the  Scandinavian 
countries,  or  to  Asia,  or  Africa.  Never  to 
the  U.S.  If  this  is  true,  why,  pray  tell  me, 
are  the  broadcasts  in  English?  And^  why  are 
they  broadcast  at  the  optimum  hours  for  re- 
ception in  the  U.S.? 

Their  broadcasts  scheduled  for  the  Scan- 
dinavian countries  are  not  only  delivered  in 
the  English  language^  but,  in  most  cases,  at 
hours  when  they  would  be  least  likely  to 
have  a  Scandinavian  audience  ,  .  ,  like  0300 
in  Sweden,  When  it  is  3  AM  in  Sweden,  it  is 
evening  here  in  our  hemisphere  and  the  op- 
timum hour  for  reception  in  the  U.S.  It  be- 
comes obvious  to  all  but  the  ITU  that  they 
are  covering  their  tracks  by  rather  weak  lies. 

Our  allies,  the  British,  are  Httle  better, 
Fm  sorry  to  say.  Looking  at  their  schedule 
one  finds  that  the  BBC  broadcasts  we  hear  in 
the  evening  hours  here  are  intended  for  Aus- 
tralia. On  forty  Meters?  Cm  on,  whom  are 
they  trying  to  kid?  Ifs  mid-day  in  Aus- 
tralia. 

In  case  you  haven't  received  the  point  so 
far,  this  editor  is  becoming  annoyed  by  all 
this.  Nearly  thirty  years  of  protesting  has 
gained  us  nothing  except  more  and  more  in-^ 
terference*  And,  in  a  way,  we  are  to  blame. 

The  amateurs  of  this  country  give  the  for- 


eign broadcast  stations  a  wide  berth  on  aU 
bands  where  they  appear.  We  have^  so  far, 
made  no  effort  to  fight.  We  are  much  too  will- 
ing  to  move  to  avoid  the  QRM,  leaving  the 
spectrum  open  to  the  invaders  to  use  at  v^lb 
Official  protests  obviously  do  no  good,  so 
we  become  resigned  to  our  fate  and  allow  the 
intruders  to  take  over  our  bands.  We  give 
them  an  open  invitation  to  take  over  more 
space  by  yielding  our  rights. 

At  some  point  or  other  there  will  be  an- 
other frequency  allocations  conference  and 
we  will  face  the  loss  of  frequencies.  If  we 
choose  to  ignore  the  foreign  broadcast  in- 
truderSj  we  could  lose  40  meters.  Once  they 
can  show  that  we  are  not  using  our  allocated 
frequencies  on  that  band,  they  will  have  a 
good  case  to  take  over  from  us.  If  you  are 
willing  to  have  them  do  that,  fine,  but  don*t 
scream  when  it  happens.  The  time  to  begin 
fighting  has  long  since  passed,  but  perhaps 
we  can  put  up  a  battle  even  now. 

These  broadcasts  are  all  on  AM.  Ask  any 
AM  station  what  happens  when  a  solid  SSB 
signal  comes  close  to  the  frequency.  Copy  is 
difficult  at  best.  This  works  both  ways,  I 
grant  you,  but  AM  suffers  more  from  SSB  in- 
terference than  SSB  does  from  AM  inter- 
ference. A  few  strong  SSB  signals  using  a 
frequency  which  is  just  off  zero  beat  from  the 
foreign  broadcast  station*s  signal  could  create 
sufficient  QRM  that  the  listeners,  with  rather 
unsophistocated  receivers ^  would  cease  their 
listening  and  thereby  defeat  the  purpose  of 
the  broadcasts- 

Don^t  think  for  one  moment  that  this  would 
be  illegal  They,  not  we,  are  the  intruders. 
By  international  agreement,  we  have  the  right 
to  use  40  meters  exclusively  for  amateur  ra- 
dio. 

If  some  night  you  found  yourself  awakened 
by  the  sound  of  someone  invading  yom'  prop- 
erty, would  you  wait  until  he  had  gained  en- 
trance to  the  house?  Or,  would  you  meet  him 
at  the  gate  and  try  to  prevent  him  from  in- 
vading  the  house  where  you  keep  your  valu- 
able possessions?  Let^s  meet  them  at  the  gate 
and  stop  them  before  they  gain  enti^ance  to 
our  valuable  frequencies.  Fight  the  QRM 
with  the  knowledge  that  you  are  giving  them 
just  as  much  trouble  as  they  are  giving  you. 

WIEMV 
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Practical  Miniature  Antennas 

For  80  Through  10  Meters 


1 


1 


Equipment  miniaturization  has  become 
eommon-place  in  Amateur  Radio  with  the  ad- 
vent of  modern  transceivers  and  kilowatt  hn- 
ears  that  can  fit  in  a  shoe  box.  This  article 
carries  the  miniaturization  idea  one  step 
further,  however,  and  describes  antennas 
that  are  only  l/20th  conventional  size  and, 
amazingly  enough,  have  almost  impercept- 
able  losses,  —  1  1/2  dB,  compared  with  full 
size  half  waves. 


—  ^^^ — I 


AC 


Si-< 


IM  a 


Fig*  I.  The  mdlucfive  reactance  of  a  short  copper 
element  and  ihe  capacitive  reacfance  ol  a  '/|X  sec- 
tion of  open-wire  line  are  combined  to  form  a  re- 
sonant antenna   sysfem* 


Robert  L  Gilmer  WSWT 
2743    Blue    Rock   Drive 

Portsmouth,  Ohio 


Theory 

The  theory  involved  is  quite  simple:  The 
inductive  reactance  of  a  short  copper  ele- 
ment and  the  capacitive  reactance  of  a 
1/4  X  section  of  open  wire  line  are  com* 
bined  to  form  a  resonant  antenna  s\'stein. 
See  Fig.  1. 

Since  the  open-wire  line  carries  currents 
180"  out  of  phase  and  the  wires  are  sep- 
arated by  oidy  .024x,  there  is  very  Httle 
radiation  from  this  section.  All  radiation , 
therefore,  takes  place  from  the  short  cop- 
per element. 


Losses 

Reducing  the  size  of  an  element  lowers  the 
radiation  resistance  considerably.  An  ele- 
ment only  .024\  long^  the  length  used 
here,  shows  a  radiation  resistance  of  only 
0,5  0,  However,  tlie  efficiency  of  the  ra- 
diator  remains  better  than  98%  since  the 
ohmic  resistance  of  the  short  3/4  inch  cop- 
per elements  average  less  than  0.008  0. 
FR  losses  in  the  open-^vire  line  section 
are  shown  graphically  in  Fig.  2.  If  the  line 
is  made  of  at  least  #16  wire,  the  losses 
are   small   averaging   slightly   over   —1    db. 
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Fig^    2.    Short    dntennd    average    I^R    tosses    vs«    line 
wire  siie. 
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ELEMEKT 


,TV  ANTENNA 
MAST  CLAMP 


LINE  LTH 
SEE  TABLE  I 


NO.  ig  FLEX 
ANT  WIRE 


D#^ILL  HOLE   THRU  COPPER   PIPE. 
RftSS   WIRE  THRU  A  SOLDER 
BOTH  SIOE$ 


TV  ANTENNA 
MAST  CLAMP 


Fig,  4,  Construction  Details 


MAY  1958 


SHORT 


0.39  dfi 


Table   I 


FULL  Size 


Fig.  3,  Field    patfern   comparison   short   vs.   full   size 
elemenK 

In  addition  to  the  PR  (heat)  losses  in 
the  element  and  line  outlined  above^  there 
is  an  additional  loss,  termed  the  directivity 
loss,  that  results  from  shortening  tiie  ra- 
diator. This  is  illusti-ated  in  Fig.  3.  The 
radiation  from  a  full  size  half-wave  element 
forms  the  classic  figure  eight  pattern.  How- 
ever, as  the  length  of  the  element  is  made 
smaller  and  smaller  the  ovals  of  the  eight 
become  more  nearly  circular  although  the 
general  radiation  pattern  remains  the  same- 
The  result  is  a  loss  in  the  immediate  for- 
ward direction  of  —0.39  dB,  and  some  "fill- 
ing out"  along  the  sides. 

Summarizing:  The  directivity  plus  PR 
losses  in  these  short  element  antennas  aver- 
age —  1  1/2  db  when  compared  with  full 
size  elements,  a  loss  that  could  hardly  be 
detected  in  the  received  signall 

ConstrLiction 

Table  1  includes  all  the  information  re- 
quired to  size  antennas  for  10  through  80 
meters.  Fig.  4  shows  suggested  construction 
details. 

Additional  Construc+ion  Notes 

Horizontal  arrangements  are  shown^  al- 
though, vertical  polarization  could  be  used 
just  as  welL 

Li dividual  coaxial  feeds  are  used  on  each 
band;  however,  one  could  design  a  parallel 
single  feed  that  would  function  with  very 
little  additional  loss. 

Tap  distances  for  use  \\ith  52  Q  coax 
are  shown;  however,  feed  lines  of  any  im- 
pedance^    balanced    or   unbalanced^    can   be 


Length 

Band 

Radia 

tor  Line^'' 

Tap  (2) 

B.W.W 

LossW 

lOM 

10" 

8 '3 1/2" 

3" 

245  Kc. 

-l.3db 

IBM 

15" 

1 1' I 'A" 

4" 

2  i  S  Kc. 

—  1.4db 

20  M 

20" 

l6'8(/2" 

4'/2" 

[40  Kc. 

—  I.5db 

40M 

40" 

33' 1" 

7" 

80  Kc. 

—  f.7db 

80M 

80" 

62' 10" 

12" 

50  Kc. 

— 2.0db 

Notes:    (!)   Ad|yst  line  length  for  SWR  1:1  (sea  text) 
(2}  52  O  tap 

(3)  Bandwidth  at  SWR  2:1 

(4)  Includes  line  I'R  losses  and  0,39  db 
directivify  loss.  ^16  line  wire  s!ze  as* 
sumed, 

used  by  merely  tapping  down  on  the  line. 
Series  capacitors  are  not  required  since  the 
system  is  resonant  and  a  purely  resistive 
load  is  offered  to  the  feed  line. 

Good  quality  moisture  resistant  end  in- 
sulators should  be  used  since  extremely  high 
r.£  voltages  appear  at  this  point  High  im- 
pedances and  higher  voltages  are  the  effects 
of   standing  waves   on   the   open-wire   line. 

Because  the  capacitive  reactance  (of  the 
1/4  X  line  section)  changes  rapidly  with 
frequency,  the  tuning  of  the  line  is  quite 
sharp*  The  dimensions  given  in  the  table, 
if  followed  closely,  will  place  the  resonant 
point  of  the  antenna  at  tlie  lower  end  of 
the  respective  band.  The  construction  de- 
tails show  short  pig-tails  on  each  side  of 
the  Une.  These  should  be  trimmed  one-quar- 
ter inch  at  a  time  until  tlie  SWR  is  1:1 
at  the  operating  frequency. 
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Fig.  5.  Radiator  length  V5«  inductance. 

Design  D  eta  lis 

The  inductance,  Li^,  of  short  lengths  of 
3/4  inch  copper  pipe  is  shown  graphically 
in  Fig.  5,  The  inductive  reactance,  X^,  may 
then  be  calculated  from: 

The  length  of  open-wdre  line^  1*"  (de- 
grees),   required    to    furnish    the    necessary 
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HEY!  HOW  ABOUT  THAT 

S.W.R.  BRIDGE 

•  MODEL  SWa-2 

•  READS   FORWARD   AND 

REFLECTED  POWER 
SIMULTANEOUSLY 

•  "easy  READ"  METERS 

•  USE   FOR   REFERENCE 

POWER   METER 

•  DUAL    lOO-MlCROAMP 

METER    MOVEMENTS 

•  LOW   INSERTION   LOSS 

•  SIZE-5"X2*X2" 


liitt  V II  Pin 

Fi£iM!  i  umm. 

pAMtmi  lyuun 
mm  am.  m 


THE  BEST 
VALUE  WE 

HAVE 

EVER 
OFfEREDI 


MAY  B£  LEFT 

IN  LINE,  UP 

TO  2000  WATTS. 


GOOD  THROUGH 
2  METERS 


t^^BHiiaai 


SINCE  1933 


FAST  SERVICE 


Phone  CY  4-0464 


QUEMENT  ELECTRONICS 


1000  SOUTH  BASCOM  AVENUE 


SAN  JOSE,  CALIFORNIA 


"Nprthern  Californii's  Most  Complete  Ham  Store" 


95128  I 


resonant  capacitive  reactance  can  be  deter 
mined  from: 

LrOT    1  =      -=— 

The  line  impedance,  Zq,  for  various  spao 
ings  is  show^  in  Fig.  6, 
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Fig*  6-  Lino    spacing    vs*    impedance,    Zo,    wire    size 
#16. 

Results 

Tap  distances,  anteima  "Q'\  and  band- 
widths  were  first  calculated  and  then  sub- 
stantiated by  testing.  Unfortunately  eflfi- 
ciencies  were  calculated  but^  lacking  fa- 
cilities to  do  so,  were  not  checked  under 
operating  conditions. 

Antennas  for  each  of  the  bands  have 
been  consttucted  and  used  with  results  com- 
parable to  any  of  the  full  half  waves  used 


here  at  various  times.  Comparisons  were 
run  against  a  long  wire  (275  feet)  antenna 
by  switching  between  the  tvvo.  In  the  di- 
rection of  the  maximum  lobe  of  the  long 
wire,  the  long  wire  outperformed  the  min- 
iatures  by  1/2  to  2  S  units.  In  all  other 
directions  the  miniatures  were  equal  to  or 
better  than  the  longer  wire.  Both  coasts 
are  worked  regularly  on  40,  20  and  15  \vith 
reports  ranging  from  S5  to  S9. 

Conclusions 

Where  space  is  available  to  mount  them, 
full  half  waves  have  the  edge,  but  if  not, 
substitution  of  the  minatures  probably  will 
not  affect  the  results  one  way  or  the  other, 
and  then,  you  just  might  be  able  to  raise 
the  minature  higher  and  that's  a  lot  more 
effective   than   increasing  it's  length. 
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The  Diamond  Array 


Irs  R  SarcfTier,  WiLNN 
2613   Crosby  Way 
Sacramenfo,   Calil.  95815 


PLASTIC  ROPE 
(OPPOSITE    END  SIMILAR^ 
SEE  TEXTJ 


3O'0*TD3a'Q' 


PLAsne 

ROP€' 


hkO 


5Dj\.  coax 
43*0"  LG.  Oft 
yULTIPL^ 


This  eflBcient  little  antenna  features  sev- 
eral popular  designs  all  in  one.  It  is  one 
element  of  a  40  meter  quad-one  full  wave 
length  in  a  diamond  or  square,  two  upright 
Vee  antennas  fed  in  phase,  an  upright  Vee 
derived  from  the  design  of  the  familiar  co- 
ax dipole,  and  it  has  a  gain  of  3/2  or  4  dB 
over  a  standard  dipole.  It  is  rather  broad 
in  frequency  response,   and  non-directional. 

The  antenna  can  be  oriented  90  degrees, 
that  is  J  fed  from  one  of  the  high  angles, 
with  no  noticeable  change  in  performance* 
However,  by  using  one  of  the  low  angles 
for  the  feed-point,  it  may  be  possible  to 
keep  the  feedline  away  from  the  field  of 
the  antenna,  and  also  even  use  a  more  direct 
feed  to  the  rig. 

Plastic  or  glass  lines  are  used  for  support 
and  are  run  thiu  pulleys  for  ease  of  erec- 
tion and  tuning.  The  lengths  of  the  single 
wire  on  the  opposite  Vee  from  the  co-ax 
fed  half  of  the  array  is  not  critical,  but 
the  actual  tuning  for  best  SWR  and  fre- 
quency  of  the  antenna  is  done  with  the  10 
foot  ends  of  this  jBrst  co-ax  half. 


PLASTIC 
ROPE 


MOTE- COAX 
OMITTED    FOR 
CLARITY 


The  two  low  opposite  angles  are  pulled 
down  and  out  to  supports  at  each  side  of 
the  lot,  resulting  in  approximately  20  feet 
above  ground  for  these  angles.  The  opposite 
high  angles  of  the  diamond  are  around  45 
to  50  feet  high. 

The  far  end  of  each  half  of  the  dipole 
co-ax  section  is  shorted,  with  the  single 
wire  extending  around  the  diamond  from 
these  points.  The  50  ohm  co-ax  shielding 
only  is  opened  up  for  2  to  3  inches  and 
the  feedline  connected  at  each  section  of 
shielding.  This  folded  dipole  effect  gives  the 
design  a  good  flat  SWR  throughout  the  band. 
To  reduce  the  strain  at  the  feedpoint,  a 
short  bridle  or  yoke  of  plastic  or  glass  line 
is  wrapped  around  each  side  of  the  co-ax 
and  tightly  taped  with  the  tie-line  brought 
out  from  this  spot. 

In  tuning  for  the  best  SWR  or  for  the 
best  center  frequency,  always  use  an  SWR 
meter  with  an  exciter  for  low  power— 100 
watts  is  ample. 

If  the  low  frequency  end  of  the  band 
shows  the  best  SWR,  or  it  results  in  an 
increasingly  better  reading  although  still  far 
from  2  to  1  or  better,  the  single  wire 
section  is  too  long,  and  a  foot  should  be 
cut  off  from  each  end  of  the  10  ft.  exten- 
sions. The  SWR  reading  then  should  be 
checked  and  if  improvement  is  noted— con- 
tinue cutting  and  testing  until  satisfaction 
is  reached  or  the  tuning  is  correct 

Now,  should  the  SWR  show  improvement 
by  tuning  towards  the  high  end  of  the  fre- 
quency of  the  40  meter  band,  and  still  in 
excess  of  what  it  should  be,  the  antenna 
is  too  short.  At  least  a  foot  or  more  should 
be  added  to  each  single  wire  end  for  the 
next       check       point       on       the       SWR. 

No  balun  is  necessary,  just  keep  your 
co-ax  feed  in  the  clear  and  away  from 
grounds. 

The  writer's  SWR  figures  were  as  follows: 
7.3  mc-2  to  1 
7.2  mc-1.25  to  1 
7amc-1.05tol 
7,  mc-1-22  to  1 

In  closing,  much  to  the  amazement  of 
tliis  amateur,  very  good  SWR  is  obtained 
both  on  20  and  10  meters.  So,  if  you  like 
to  try  out  antennas,  here  is  one  that  may 
surprise  you* 

.  .  •  W6LNN 
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In  the  course  of  human  events,  one 
sometimes  finds  necessity  the  mother  of  in- 
vention. Since  my  low  frequency  beam  had 
to  come  down  for  some  adjustments,  I  be- 
gun wondering  why  one  piece  of  equip- 
ment couldn't  serve  two  functions.  Since  the 
beam  usually  occupies  the  taUest  tower  and 
located  in  the  most  favorable  position,  why 
not  use  it  for  a  VHF  platform,  so  to  speak. 
The  idea  is  simple,  have  the  boom  for  the 
HF  beam  also  serve  as  the  boom  for  a  VHF 
antenna.  This  works  out  well,  especially 
where  VHF  is  vertically  polarized  as  it  is 
here  in  California.  There  is  virtually  no 
interaction  bet^veen  the  two  beams. 

To  avoid  drilling  the  boom,  and  thus 
weakening  it,  I  used  clamps  to  mount  the 
VHF  elements.  The  most  convenient  and 
readily  available  clamps  are  the  strap  t\^pe 
which  are  used  to  hold  electrical  conduit 
in  place.  However,  you  could  use  any  sim- 
ilar arrangement;  i*e*  plumbers  tape^  U 
bolts  J  etc. 

Construction  is  simple.  The  elements  can 
be  lightweight  aluminum  tubing  Avith  the 
ends  flattened,  or  alumintrai  clotliesline 
bent  to  fit  the  clamp  on  one  end. 


Why  Not? 


W.  R,  Lmgenbrinlt  W6HGX 

1809  Hill  Ave. 

Hayward,  Caftfornia   94541 


A  supply  of  clamps,  slightly  smaller  than 
the  diameter  of  the  boom  are  produced 
or  fashioned.  The  elements  are  then  cut 
to  half  their  length  (this  being  determined 
by  any  good  antenna  handbook)  minus  the 
diameter  of  the  boom  clamp.  The  elements 
are  then  drilled  to  take  the  clamp  screw 
or  bent  to  take  the  clamp  screw  if  alu- 
minum wire  is  used, 

A  top  and  bottom  element  are  then  fas- 
tened together^  using  two  boom  clamps  for 
clamping  the  element  to  the  boom.  This 
leaves  half  the  element  above,  and  half  the 
element  below  the  boom. 

The  driven  element  is  fastened  much  the 
same  way,  but  at  this  location  a  folded  dipole 
element  is  used  The  feed  point  being 
brought  to  stand-off  insulators  on  the 
boom  and  fed  at  this  point  either  through 
a  balun  or  using  twin  lead. 

After  proper  spacing  of  the  elements  for 
best  front- to-back,  or  forward  gain,  it  was 
found  that  there  is  very  Uttle  interaction 
between  the  two  beams.  There  was  less  than 
¥i  volt  measured  across  the  VHF  lead  when 
transmitting  on  the  HF  beam.  This  can  be 
bled  off  with  the  use  of  a  grounding  switch 
or  a  simple  diode  placed  across  the  feed 
line. 

.  W6HGX 
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DO  YOU  FAVOR  EFFICIENT  ANTENNAS 
OVER  BRUTE  FORCE  POWER  ? 


If  you  do,  it  will  pay  to  investigate  the  TEKRAD  IMark  V  Antenna 
System.  A  five  band  80  through  10  high  performance  antenna. 
Listen  to  the  big  signals  from  Florida  barefoot  rigs.     Send  for  brochure. 

"I W4iM/Rav    W4$IW/Bil[ 


EKRAD.INC 

RO.  BOX  57    VALPARAISO.  FLORIDA  32580 
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SWAN  410C 
FULL  COVERAGE 
EXTERNAL  VFO 

The  Model  410C  Frequency  Control 
Unit  is  designed  for  full  coverage 
of  80.  40,  20,  15  and  10  meters.  It 
is  intended  for  fixed  station  opera- 
tion and  plugs  directly  into  fVlodel 
500C.  (t  may  alsa  be  used  with 
Model  350C.  Eight  ranges,  500  kc 
each,  5  kc  calibration. 

$115 
DUAL  VFO  ADAPTOR 

Provides  for  the  addition  of  second 
VFO  for  separate  control  of  trans^ 
mit  and  receive  frequencies.  Plugs 
directly  into  Model  500C  and  may 
also  be  used  with  Model  350C  and 
other  Swan  transceivers, 

MODEL  22 


MARS  OSCILLATOR 

■ive  crystaf  controlled  channels 
with  vernier  frequency  control 
'lugs  directly  into  Model  500C  and 
nay  also  tie  used  with  Model  350C 
3nd  other  Swan  transceivers. 

MODEL  405X 
[less  crystals) 

SWAN  SPEAKS 


SWAN  500C 
SSB-AM-CW 
TRANSCEIVER 


Five  band,  520  watts  for  home 
station^  mobile  and  portable 
operation. 

The  new  model  5Q0C  is  the  latest 
evolutionary  development  of  a  basrc 
well  proven  design  philosophy.  It 
offers  greater  power  and  additional 
features  for  even  more  operator  err- 
oyment.  Using  a  pair  of  the  new 
leavy  duty  RCA  6LQ6  tetrodes,  the 
final  amplifier  operates  with  in- 
creased efficiency  and  power  output 
on  all  bands.  PEP  input  rating  of  the 
500C  is  conservatively  520  watts. 
Actually  an  average  pair  of  6LQB's 
reach  a  peak  input  of  over  570  watts 
before  flattopping! 

The  500C  retains  the  same  superior 
selectivity  for  which  Swan  trans- 
ceivers are  noted.  The  filter  is  made 
especially  for  us  by  C-F  Networks, 
and  with  a  shape  factor  of  17  and 
ultimate  rejection  of  more  than  100 
db,  it  is  the  finest  filter  being  of- 
fered in  any  transceiver  today. 

For  the  CW  operator  the  500C  in- 
cludes a  built-in  sidetone  monitor, 
and  by  installing  the  Swan  VOX  Ac- 
cessory (VX-2)  you  will  have  break  in 
CW  operation. 

Voice  quality,  performance  and  re- 
liability are  in  the  Swan  tradition  of 
being  second  to  none. 


$520 


»llf^lk 


MATCHING* 

AC  POWER  SOPFLV 


Complete  A. C.  supply  f&f'Tl'?=  volts, 
50^60  cycles,  10  a  matching  cabinet 
with  speaker,  phorte  jack,:  and  rndfe 
cator  light.  Includes  power  cabll 
with  plug  for  transceiver;  and  A^G: 
''nie  eqiJ^ .Ready  t^JiJMg^in  and 
operate 
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WAN  14G 
DC  CONVERTER 


Converts  the  abpve417XC  A.^ 
supply  to  12  volt  aC,  input  for 
mobile,  portable,  or  emergency 
operation,  \^^ 


YOUR  LANGUAGE . . .  ASK  THE 


^ 


SO'6- 


"*T^ 


5/ re*  OIA 


4f' 


MO.  18  TO  24 
COPPER  WIRE 


SOLDER  LUG 
NEARSIDE 


50"  6" 


3/ie*  DIA 
RkRSIDE 


NO.  e  BRASS  BOLT 
(TYPICAU 


3O0J1,  TV  TWINLEAD 
ANY  LENGTH 


3/«'  FILLER 
(3)  PCS  TOTAL 


INSULATOR   MATERIAL 
tS  FIBERGLASS 

CLOSE  ALL  SPACES 
WITH  EPOXV 


Fig.  I.  Antenna  dimensions 
and  construction  details* 


ANTENNA 
COUPLER 


COAX 


STAND4NQ 

WAVE 
INDICATOR 


COAX 


Do  It  with  a  Wire 


Warner  Storii  K3QKO 

5122  Alberta 

Baltimore,  Maryland  21236 


It  seems  to  be  the  proper  tluiig  these 
days  for  every  ham  to  get  with  it  and 
build  something.  Few  people  get  any  pleas- 
ure out  of  spending  long,  lonesome  hours 
in  the  basement  following  someone's  doll 
instructions  on  how  to  assemble  a  piece  of 
equipment  which  could  be  bought  outright 
for  the  same  price.  Then  too,  lots  of  people 
do  not  have  the  tools  or  test  equipment  to 
pull  the  job  off  effectively.  However,  there 
is  one  thing  that  just  about  every  ham  can 
homebrew  and  have  a  fine  time  doing  it. 
That  thing  is  an  antenna.  There  is  no  more 
pleasant  way  to  become  a  member  of  the 
elite  homebrew  set,  than  spending  a  sunny 
afternoon  tramping  around  the  back  yard 
doing  antenna  work.  It  is  even  better  if 
you  are  lucky  enough  to  have  a  couple  of 
trees  to  climb.  You  will  be  surprised  at  the 
fine  view  about  fifteen  feet  up,  and  you 
have  a  ready  adult  answer  for  the  neighbor's 
kid  when  he  comes  out,  "Hey,  mister,  what 
are  you  doing  up  there?'' 


l: 


So  J  let  us  get  started  stringing  one  up 
which  is  a  litde  different,  and  a  bit  better, 
than  one  you  can  buy,  I  have  found  that 
two  very  important  things  about  antennas 
must  be  kept  in  mind  if  you  want  to  have 
a  pleasant  experience  when  experimenting 
with  diem.  First,  contrar>^  to  popular  opin- 
ion, they  work  according  to  the  book.  Sec- 
ond, any  length  of  wire  that  is  no  shorter 
than  a  quarter  wave  length,  can  be  center 
fed  with  300  ohm  TV  twin  lead,  and  be 
matched  to  a  coaxial  cable  with  an  ordinary 
antenna  coupler.  Not  only  will  it  load^  but 
it  will  operate  with  good  eflBciency  and 
can  handle  powers  up  to  600  watts.  The 
antenna  I  am  about  to  describe,  makes  use 
of  these  important  facts* 

The  radiation  pattern  of  a  simple  single 
wire  antenna  will  generally  be  as  described 
in  all  antenna  books.  So,  if  it  is  a  half 
wave  long  tlie  maximum  radiation  will  be  at 
right  angles  to  the  wire.  If  it  is  a  full  wave 
in  lengdi,  and  center  fed,  it  becomes  a  dou- 
ble Zepp  and  the  maximum  radiation  is 
still  at  right  angles  to  the  wire.  The  an- 
tenna problem  we  are  sbiving  to  solve  is 
how,  by  using  one  wire,  can  we  radiate 
East  and  West  to  cover  the  United  States, 
and  Northeast  and  Southeast  to  cover 
Europe  and  South  America,  with  good  ef- 
ficiencv*  Bv  carefullv  studving  the  radiation 
patterns  of  many  lengths  of  antennas  we 
find  that  a  long  wire  antenna  for  twenty 
meter  operation  would  be  just  the  thing 
to  cover  Europe  and  South  America.  If  it 
was  made  a  wave  and  a  half  long  it  could 
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SWAN  MARK  II 
UNEAR  AMPLIFIER 

wo  Eimac  3400Z  Triodes  provide 
the  legal  power  input:  2000  Watts 
P,LP,  in  SSB  mode  or  1000  Watts 
AM  or  CW  input  Plaeelary  vernier 
drives  on  both  plate  and  loading  con* 
i trols  provide  precise  and  velvet 
smooth  tuning  of  the  amplifier. 
Greatly  reduced  blower  noise  is  pro- 
vided fay  a  low  RPM,  high  volume  fan. 

Provides  full  frecjuency  coverage  of 
the  amateur  bands  from  10  through 
80  meters  and  may  be  driven  by  any 
transceiver  or  exciter  having  be- 
tween 100  and  300  watts  output. 

$395 


PLUG-IN  VOX  UNIT 


Plugs  directly  into  Modef  500C,  and 
may  also  be  used  with  Model  350C 
and  other  Swan  transceivers. 


MODEL  VX-2 


^^33 


SWAN  350C 

SSBAM-CW 

TRANSCEIVER 

Our  improved  standard  5  band  model, 
now  In  production  and  still  only . . . 

$420 


MARK  II  POWER 
SUPPLY 

May  be  placed  beside  the  Mark  ft,  or 
with  its  4V2  foot  connecting  cable, 
may  be  placed  on  the  floor.  Silicon 
rectifiers  deliver  2500  volts  D.C.  in 
excess  of  1  ampere.  Computer  grade 
electrolytic  filters  provide  40  mfd 
capacity  for  excellent  dynamic  regu- 
lation. A  quiet  cooling  fan  allows  con* 
tinuous  operating  with  minimum  tem- 
perature rise,  thus  extending  the  life 
and  reliability  of  all  components. 
Input  voltage  may  be  either  117  or 
230  volts  AX. 

$235 


SWAN  14-117 

12  VOLT  DC  SUPPLY 

Complete  DX.  supply  for  12  volt 
mobile  or  portab  e  operation.  In* 
eludes  cables,  plugs,  and  fuses.  Will 
also  operate  from  117  volt  A.C.  by 
detaching  the  D.C,  module  &  plugging 
in  117  volt  line  cord.  Negative 
ground  standard.  Positive  ground 
available  on  special  order. 

$130 


Illustrated  on  these  pages 
is  a  complete  Swan  ama- 
teur radio  station,  one  ot 
the  finest  money  can  buy. 
Starting  with  the  power- 
ful SOOCand  an  AC  power 
;supply,  you  are  immedi- 
ately on  the  air  with  a  big, 
high -quality  signal. 
Thanks  to  the  excellence 
lof  the  high-frequency 
crystal  lattice  filter,  made 
especially  for  Swcin  by  CF 
networks,  you  will  have 
one  of  the  cleanest  and 
most  readable  signals  on 
the  air,  as  well  as  out- 
standing receiver  selec- 
tivity and  sensitivity.  The 
various  accessories  from 
the  Swan  line  may  be 
added  at  any  time,  pro- 
viding greater  operating 
pleasure  and  perform- 
■ance.  The  tremendous  ac- 
(ceptance  of  Swan  prod- 
'ucts  by  radio  amateurs 
throughout  the  world  is 
most  gratifying  to  al!  of 
"the  people  at  Swan.  It  is 
^our  continuing  policy  to 
offer  the  finest  communi- 
cations  equipment  we 
know  how  to  design  and 
manufacture,  with  quality 
Control,  craftsmanship, 
and  service  that  li  second 
to  none. 
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Be  sure  to  visif  your 
Swan  deafer  soon. 
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be  fed  at  the  center  current  loop;  be  rtm 
North  and  South  and  have  a  fine  East- West 
pattern  when  used  for  the  forty  and  eighty 
meter  bands.  When  excited  with  a  twenty 
meter  signal,  here  on  fiie  East  Coast,  one 
of  its  main  lobes  will  cover  Europe^  and 
another  South  America,  We  do  not  have  to 
be  concerned  about  its  impedance  because 
we  are  going  to  use  a  tuned  transmission 
line  (TV  twin  lead)  and  an  antenna  cou- 
pler. Feeding  it  in  the  center  will  make 
adjustment  of  the  coupler  simple  and  broad 
enough  to  cover  a  large  segment  of  each 
band  without  re  tuning.  When  it  is  used  on 
twenty  meters,  a  gain  of  .8  dB  over  a  dipole 
and  3,8  dB  over  a  vertical  is  realized.  Also, 
its  cone  shaped  pattern  off  the  ends  makes 
it  less  sensitive  to  height  for  low  vertical 
radiation  angles.  This  antenna  was  cut  and 
stnmg  North  and  South  at  a  height  of  about 
22  feet.  Tests  proved  that  it  operated  just 
as  planned  and  out  performed  my  vertical 
on  ever>'  occasion.  It  also  made  a  surpris- 
ingly neat  appearance. 

As  shown  in  Fig.  1^  the  antenna  is  50  feet 
6  inches  long  on  each  side  of  the  feed  line. 
The  twin  lead  can  be  any  length,  and 
seems  to  be  lossless  for  all  practical  pur- 
poses*  For  parallel  tuning  on  all  three 
bands,  it  should  be  73  feet  long.  Fig,  1 
also  shows  the  construction  details  of  the 
center  insulator  and  feed  line  connector* 
It  is  made  of  circuit  board  material,  pre- 
ferably fiber  glass,  because  of  its  strength. 
The  three  fillers  and  two  outer  plates  are 
cemented  together  with  epoxy  to  make  sure 
it  is  sealed  against  the  weather.  The  one 
hole  in  each  outer  plate  is  drilled  before 
assembly.  The  holes  for  the  antenna  wire 
and  solder  lugs  are  drilled  after  the  epoxy 
cement  has  hardened.  Before  passing  the 
antenna  wire  through  the  insulator,  bend 
it  double  about  ten  inches  from  the  end* 
After  it  is  through,  \\Tap  the  doubled  por- 
tion  neatly  around  itself  for  about  a  inch. 
This  will  leave  enough  of  the  single  con- 
ductor end  to  loosely  bend  back  and  solder 
to  the  lug  along  with  the  twin  lead  wire. 
The  insulators  at  the  extremes  should  be 
at  least  four  inches  long. 

Details  of  the  antenna  coupler  adjust- 
ments can  not  be  given,  because  each  type 
will  have  to  be  used  according  to  its  own 
operating  instructions-  There  is  one  help 
that  I  always  use.  That  is  to  connect  one 
tenninal  of  a  NE51  neon  bulb  to  one  side  of 
the  twin  lead  at  the  couplet  output.  The  bulb 


lOl'O"  ANTENNA 
CEKTER-FED 


270 


Fig.  2*  Free   Space   homontal    pattern. 

will  glow  ii  the  glass  part  is  near  the  case  of 
the  coupler  and  give  a  good  indication  of 
the  amount  of  rf  at  its  output.  Keeping  one 
eye  on  the  standing  wave  indicator  and  the 
other  on  the  bulb  will  prevent  you  from  ad- 
justing to  a  false  standing  wave  indicator  null. 

Now  a  word  to  the  ham  who  has  an  in- 
quisitive nature  and  would  like  to  do  a 
little  experimenting.  There  is  no  reason 
why  this  antenna  can  not  be  used  for  the 
ten  and  fifteen  meter  bands,  in  fact,  its 
gain  will  be  improved  as  the  frequency 
gets  higher.  If  the  twenty  meter  band  is 
your  only  interest,  it  can  be  fed  with  75 
ohm  coaxial  cable  instead  of  TV  twin  lead 
ehminating  the  need  for  the  coupler.  You 
will  have  to  carefully  cut  the  antenna  for 
the  lowest  VSWR  in  order  to  compensate 
for  its  surroundings,  but  after  completed^ 
its  pattern  will  be  the  same  as  with  the 
twin  lead.  Fig.  2  shows  the  free  space  an- 
tenna pattern  when  excited  with  a  twenty 
meter  signal  All  kinds  of  interesting  results 
can  be  obtained  by  tilting  the  wire.  This 
will  tend  to  move  the  top  part  of  the 
main  lobe  parallel  to  the  ground,  giving  a 
very  low  angle  of  radiation.  The  lower  angle 
will  bounce  your  signal  a  little  further. 

The  materials  used  for  constructing  this 
antenna  are  very  strong,  but  light  weight 
This  permits  the  assembly  to  be  held  in 
temporary  positions  with  heavy  fishing  line 
for  experimenting  or  permanently  fastened 
stronglv  to  withstand  the  heaviest  weather, 
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A  Durable  New  Gamma-Match 


John  A.  AHaway.  K4IIF 
James  E.  Fradarick  K4ELB 
P.O.  Box  205 
Winter  Haven,  Fla.  33S8I 
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The  subject  is  a  sturdy  gamma  match 
a  one  piece  gamma  rod.  It  can  be 
made  inexpensively  from  scrap  metal  and 
discarded  parts.  The  gamma  rod,  labelled 
A  in  Fig.  1,  is  a  piece  of  50  ohm  foam- 
flex  aluminum  shielded  coax.  No  more  than 
3  feet  is  required  for  20,  15,  or  10  meter 
beams,  and  a  piece  this  size  can  usually 
be  picked  up  gratis  from  most  any  two- 
way  radio  store.  The  SO  239  coax  connector, 
B,  is  joined  to  the  center  of  the  driven  ele- 
ment by  an  alunimum  strap,  C.  At  this  QTH 
the  aluminum  was  obtained  from  the  scrap 
barrel  at  a  local  macliine  shop,  gratis  of 
course.  At  an  arbitrary  length  from  B  a 
second  aluminum  strap  D  was  placed  which 
acts  as  the  shorting  bar.  The  distance,  d, 
between  the  driven  element  of  the  beam 
and  the  gamma  rod  should  be  at  least  3 
inches  or  else  the  gamma  rod  will  be  in- 
convienently  long. 

The  following  steps  were  necessary  in  ad- 
justing the  gamma  match: 

1.  First,  the  ends  of  the  aluminum  shield- 
ing next  to  the  coax  connector  end  of  the 
gamma  rod  were  bent  outward  slightly,  and 
a  coat  of  good  sealer  was  applied  for 
weather  protection.  The  inner  conductor 
of  the  coax  was  not  connected  to  the  SO- 
239  but  was  left  floating,  and  a  100  ^mF 
variable  capacitor  wired  between  the  alu- 
minum shielding  and  the  coax  connector 
as  shown  in  the  inset  of  Fig.  1. 

2.  The  beam  was  taken  up  the  tower  to 
a  height  near  that  to  be  used  in  the  final 
installation,  as  settings  made  near  the 
ground  will  not  be  valid  at  normal  operat- 
ing heights.  A  signal  was  then  fed  to  the 
beam  from  the  transmitter,  and  the  short- 
ing bar  and  variable  capacitor  varied  si- 
multaneously until  the  setting  with  minimum 
S\\'R  was  deternuned.  A  Heathldt  Reflected 
Power  Meter  and  SWR  Bridge  was  used 
for  this  operation.  The  shorting  bar  was 
fixed  at  this  point. 

3.  The    variable    capacitor    was    brought 
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Fig.   I.  The  essential  features  of  the  gamma-match. 

down  very  carefully  without  disturbing  the 
setting  so  that  the  capacitance  could  be 
measured  with  a  capacity  meter. 

4.  At  this  juncture  knowledge  of  the  ca- 
pacitance per  foot  of  the  foamflex  was 
necessary  in  order  to  use  the  proper  length 
to  equal  the  capacitance  from  the  variable 
capacitor.  Our  material  was  known  to  have 
a  capacitance  of  29  fifiF/ioot,  and  an  ap- 
propriate distance  was  measured.  If  the 
distance  falls  beyond  the  shorting  bar  the 
coax  can  be  cut  at  this  point  as  shown  by 
the  diagonal  hne  in  Fig.  1.  If  it  falls  inside 
the  shorting  bar,  as  was  the  case  for  our 
installation,  a  hole  must  be  drifled  into  the 
foamflex  breaking  the  inner  conductor  as 
shown  by  the  circle-dot  on  Fig.  1.  The  hole 
was  subsequently  filled  with  seahng  com- 
pound to  insulate  and  weatherproof. 

A  gamma  match  constructed  in  this  man- 
ner was  used  on  the  15  meter  beam  made 
by  converting  a  TA-33Jr.  as  described  in 
an  earlier  issue  of  this  magazrue.  In  the 
past  20  months  it  has  been  fixed  at  a 
height  of  73  feet  and  has  endured  sustained 
\vinds  of  over  60  MPH  in  brushes  with  3 
hurricanes. 

No  damage  or  malfimction  has  resulted 
and  consequently  we  recommend  it  to  you. 

. . .  K4IIF  &  K4ELB 
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24  HOUR  DELIVERY 


We  guarantee  that  we  wilt  ship  all  orders 
for  10  crystals  or  less  within  24  hours 

of  receiying  the  order. 
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How  to  Hang  a  Dipole 


Jamei  Ashe  W2DXH 

R  D  #1 

Freevilld«  N.Y.  13068 


If  you're  a  beginning  ham  operator  or 
SWL,  why  don't  you  try  a  twinlead  dipole? 
It  offers  good  performance  from  a  design 
practically  as  simple  as  a  random  long-wire 
antenna,  but  without  the  longwire's  ground- 
ing problems.  Its  relatively  narrow-band 
performance  is  usually  no  inconvenience. 
And  it  can  be  tuned  up  without  a  trans- 
mitter or  SWR  bridge.  TVl  problems 
become  less  severe  because  the  transmitter 
rf,  provided  with  a  good  place  to  go,  loses 
interest  in   house  wiring  and  TV  sets. 
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Fig*   l«  This  is  ihe   complete   antenfia   system   you're 
going  to  build. 


a  mismatch,  not  a  new  antenna   system. 

Many  radio  receivers  will  take  300  ohm 
balanced  or  75  ohm  unbalanced  input,  but 
most  amateur  transmitters  are  designed  to 
feed  a  75  ohm  load.  These  two  load  sys- 
tems cannot  be  connected  directly  one  to 
the  other,  but  a  transformer  or  an  elec- 
trical circuit  which  seems  to  act  like  a 
transformer  may  be  used  as  an  almost 
perfectly  efficient  adapter.  From  the 
unwieldy  term  *'balanced-to-unbalanced*'  we 
have  the  modern  word  '1>alurL.** 

Three  types  of  balun  are  used  in  most 
amateur  work.  All  are  equally  appropriate 
for  transmitting  and  receiving,  if  they  are 
heavy  enough  to  handle  the  transmitter's 
powerful  rf*  They  are  the  toroidal  trans- 
former, the  interwound  coil,  and  the  coaxial 
cable  varieties.  Onlv  the  coaxial  cable  balun, 
shown  in  Fig,  2,  requires  tuning* 

If  you  don*t  already  have  a  balun,  the 
easiest  and  least  expensive  way  to  get  one 
is  to  make  it  from  coax  cable.  The  exact 
length  of  cable  required  depends  upon  how 
fast  the  rf  travels  through  it,  so,  if  the 
balun  is  made  up  from  a  piece  of  coax 
perhaps  5%  too  long,  you  can  use  the 
haywire  bridge  described  later  to  zero  in 
on  the  proper  dimensions.  This  eliminates 
difficulties  with  a  piece  of  cable  whose  specs 
may  not  be  quite  right 


The  twinlead  dipole 

Two  pieces  of  300-ohm  twinlead  %vill 
make  a  very  fine  folded  dipole^  usable  for 
receiving  and  low  power  transmitting  appli- 
cations. One  piece  is  to  cut  slightly  imder 
a  half-wave  length  at  the  operating  fre- 
quency and  hung  parallel  to  the  ground. 
The  other  piece  is  attached  to  its  center 
to  serve  as  feedline,  as  shown  in  Fig.  1, 
The  feedline  may  be  any  convenient  length. 

The  300-ohm  antenna  and  feedline 
inpedances  are  properties  of  the  folded 
dipole  kind  of  antenna.  The  300-ohm  twin- 
lead  was  designed  to  meet  this  special 
requirement  "300  ohms"  means  that,  as  vrith 
dc,  if  you  apply  300  volts  you  will  find  1 
amp  flowing.  But  unlike  dc,  this  applies 
only  at  the  antenna's  resonant  frequency. 
If  you  replaced  the  300-ohm  feedline  with 
75  or  450  ohm  twinlead,  you'd  end  up  with 
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Fig.  2.  This  coax  balun  Is  about  as  simple  as  you 
can  get  Avoid  shorting  between  centor  and  outer 
conductors] 
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The  dipole's  "radiation  pattern"  is  which 
way  the  rf  goes  once  it  leaves  the  dipole. 
For  receiving  purposes,  efficiency  is  best  in 
the  directions  that  get  the  most  rf  when 
transmitting.  The  dipole's  radiation  pattern 
varies  sharply  with  height  above  ground, 
and  the  highest  possible  installation  is  not 
necessarily  the  best  Fig.  3  shows  the  strik- 
ing variations  in  radiation  pattern  as  the 
dipole's  height  is  increased  from  0.2  wave- 
lengths above  ground  to  0.5  wavelengths. 
If  you  cannot  achieve  either  of  these  alti- 
tudes, simply  try  for  the  clearest  possible 
location. 
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Fig*  3»  The  dipole   has  two   basic   radiation   pat+erns. 
Here  they  are,  as  seen   from   the   dipole's   end. 


The  dipole*s  electrical  properties  also 
depend  upon  distance  from  ground.  Fig.  4 
shows  how  the  input  resistance  varies  with 
height,  For  best  results  try  for  some  height 
near  one  giving  a  300- ohm  input  resistance. 

Although  the  dipole  is  said  to  show  zero 
response  or  radiation  off  it's  ends,  quite 
good  signal  reports  may  be  obtained  in 
these  directions.  This  is  because  the  dipole 
really  does  radiate  off  its  ends,  but  only 
steeply  up  into  the  sky.  Signals  in  these 
directions  would  be  improved  with  a  second 
better-oriented    dipole.    Well,    why    not? 
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Fig.  4,  The  dipole's  input  characteristics  depend 
upon  height.  Here  are  the  two  important  numbers 
again:   0<2    and    0«5   wavelengths. 

Putting  up  the  dipole 

Read  everything  you  can  find  on  dipoles 
of  any  variet^^  Then  work  out  a  way  to 
get  the  twin-lead  version  into  the  air,  and 
if  you  cannot  meet  all  the  specs  put  it  up 
anyway.  A  cut-and-try  test  session  will 
probably   zero   things   in    quite   well. 

Trees,  drain  pipes,  lightning  rod  systems, 
towers,  and  what  have  you  will  all  affect 
the  folded  dipole.  The  nsual  result  is  a 
measured  resonant  frequency  lower  than 
calculated.  The  dipole  seems  a  Uttle  too 
long.  And  various  nearby  structures  may 
also   electrically   unbalance   the   dipole- 

Suppose  L  is  in  feet  and  F  is  the  oper- 
ating frequency  in  MHz.  Cut  a  strip  of  twin- 
lead  at  least  404 /F  feet  long,  short  both 
ends  and  attach  the  feedline  to  its  center. 
Add  tuning  stubs  to  each  end,  both  stubs 
equally  long,  for  a  total  length  of  462/F 
to  468/F  feet.  The  tw^inlead  makes  good 
stubs.  The  dipole  minus  stubs  is  too  short. 


(A)    TAILS    f'OLDEO 


CD)   TAILS  EXTENDED 

Fig,  5,   How  the  tuning  stubs  are  placed  for  highest 
(A)   and   lowest   (B]    resonant  freqancy. 
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with  stubs  fully  extended  is  too  long.  See 
Fig,  5,  By  folding  the  stubs  back,  you  can 
tune  or  retune  the  dipole  to  frequency,  and 
balance  out  uneven  effects  of  nearby  struc- 
tures. 

Assemble  the  antenna  in  any  convenient 
way  similar  to  the  handbook  and  magazine 
descriptions.  Nylon  line  will  do  a  fine  job 
and  you  can  omit  the  insulators  for  low 
power.  Seal  twinlead  openings  and  splices^ 
since  moisture  leakage  may  change  the 
twinlead  characteristics  or  corrode  the  wire. 
Tie  the  timing  stubs  back  against  the  dipole 
as  shown  in  Fig.  5A  and  pull  it  up  into 
the  air* 

Testing  and  tuning  the  dipole 

With  the  t\\inlead  dipole  in  place  and 
the  transmission  Hne  strung  to  the  vicinity 
of  the  receiver  or  rig,  everything  tliat  could 
affect  its  tuning  or  input  characteristics  has 
come  into  the  picture.  We  know  it  will 
resonate  near  but  above  the  correct  fre- 
quency^ and  we  know  that  we've  done  all 
we  can  to  get  the  best  input  impedance. 
Now  we  do  some  testing. 


RF 

PICKUP 
LOOP 


ALL  RESlSTOf^S  TO 
BE  GOOD  GRADE 
COMPOSITION 


75  OR  82 
SELECTED 

MOT  SJOE 
_-__,^_FOLO  LIME 
GND  SIDE 


I? 


COAX 


Rrrx"J 


Fig*   6*   Schematic    of  the    haywire   test   brldg©. 

We  compare  the  dipole  with  a  resistor 
at  various  frequencies,  and  specially  note 
the  frequency  which  gives  the  best  similar- 
ity. The  haywire  bridge  shown  in  Fig,  6 
does  this* 

It's  a  simple  Wheatstone  bridge  with  a 
diode  detector.  Let's  suppose  that  the 
antenna  terminal  has  a  75  or  82  ohm 
composition  resistor  across  it,  the  same  value 
as  R3*  Then  the  LH  and  the  RH  compo- 
nent strings  are  2:1  voltage  dividers,  points 
A  and  B  see  the  same  rf  voltage,  in  phase, 
and  there  is  no  dc  fed  to   the  meter. 

If  the  antenna  resistance  is  replaced  by 


*t 


f#*        i. 


Fig,  7.  This  is  what  the  haywire  bridge  looks  like 
just  before  folding  over. 

any  other  value,  or  if  inductive  or  capacitive 
reactance  is  added^  Uie  balance  is  disturbed 
and  we  see  a  meter  reading.  This  circuit 
tells  us  when  the  antenna  terminals  look 
most  like  a  resistor ^  which  is  enough  to  get 
by;  There  is  more  to  this,  which  you  should 
look  up  later  J  but  for  now:  simple  problem, 
simple  answer. 

The  bridge  circuit  will  give  the  best 
results  if  it  is  built  of  properly  chosen  com- 
ponents. Capacitors  CI  and  C2  are  not 
criHeal,  but  should  measure  the  same  value 
on  a  capacitor  tester.  Rl  and  R2  are  also 
ballpaik  accuracy  if  they  measure  the  same 
on  an  ohmmeter.  R4  and  R5  are  uncritical 
isolating  resistors.  Choose  a  good  new  resis- 
tor for  R3,  All  resistors  should  be  compo- 
siUoa  variet>^  Dl  is  any  known  good  ger- 
manium rf  diode. 

Assemble  the  parts  with  short  leads  in  the 
relative  pdsitions  of  Fig.  6.  This  should  come 
out  resembling  Fig.  7*  Then  fold  the  entire 
assembly,  like  a  book,  around  Ae  diode, 
bring  the  two  outside  rf  points  together,  and 
solder  them  to  the  rf  input  line.  If  youVe 
using  a  signal  generator,  the  ground  site 
of  the  bridge  goes  to  the  generator's  ground. 
Clip  in  the  meter,  and  you're  nearly  ready 
to  test  your  antenna.  But  firsts  test  the 
gel 

Feed  enough  rf  into  the  bridge  to  bring 


METER 
OUT 


RF 
IN 


300  JW 
ANTENNA 
FEEDLINE 


Fig*  8.  Block  diagram  of  the  antenna  test  setup.  A 
signal  generator  could  replace  th©  GDO.  See  how 
this  fits  into   Fig.    I. 
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the  meter  to  fxJl-scale  with  an  open  circuit 
across  the  antenna  terminals.  That's  what  is 
happening  in  Fig.  9.  Without  changing  any- 
thing, place  a  resistor  equal  to  R3  across  the 
antenna  terminals,  and  the  meter  reading 
should  go  very  close  to  zero.  It  should  stay 
there    independently    of    large    changes    of 

rf  f requency* 

Once  you  know  the  haywire  bridge  works 
properly  you  may  want  to  attach  it  to  the 
complete  antenna  system.  Don^t  do  Aat!  Is 
your  bakm  in  good  order?  Connect  a  300 
or  330  ohm  composition  resistor  across  the 
balun's  twinlead  side,  set  up  the  bridge, 
and  check  for  drop  from  full  meter  deflec- 
tion to  near  zero.  If  you  are  using  a  coax 
balun,  the  nuD  will  be  frequency  dependent 
and  belongs  on  your  chosen  operating  fre- 
quency. Double  check  by  finding  the  sigiial 
on  your  receiver. 


test 
the 
get 


Fig.  9<  Here's  the  liaywir©  bridge,  just  before  con- 
necting the  antenna.  RCA  connectors  are  handy,  or 
use  anything  on  hand. 

Now  you  can  test  your  antenna.  As  before, 
adjust  rf  source  and  bridge  for  full  scale 
deflection,  attach  balun  and  antenna,  and 
find  the  best  null  frequency.  Repeat  the 
with  the  stubs  fully  extended,  to  find 
lowest  operating  frequency.  Your  tar- 
frequency  should  be  between  these 
extremes* 

By  shortening  the  stubs  and  checking  null 
or  resonant  frequency,  you  can  quickly  zero 
in  on  the  antenna  tuning  you  want.  If  you 
cut  the  stubs  they're  hard  to  lengthen,  but 
fnldiiig  and  taping  has  the  same  effect.  If 
the  null  is  not  sharp  and  deep,  try  raising, 
lowering,  and  unbalancing  the  antenna* 
Make  one  change  at  a  time  and  keep  a 
record  of  results. 

When  your  new  dipole  is  in  the  air  it's 
likely  to  look  different  from  the  handbook 
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Fig,  10,  Your  finished  antenna  might  look  something 
like  this-  A  little  uneven,  but  tested  right* 

sketches.  See  Fig,  10,  The  sag  reduces  load 
on  supports.  The  bini  stubs  are  puUed  off 
to  tlie  sides  to  guarantee  their  location  and 
to  improve  their  influence  upon  tuning.  The 
floppy  cords  that  are  probably  hanging 
around  should  he  secured  in  place  so  you 
can  find  tliem  next  time  tlieyVe  needed. 

All  this  does  sound  like  a  lot  of  hauling^ 
but  it's  productive  work  because  you  know 
how  to  end  up  with  a  workable  result.  You  d 
have  to  do  it  anyway  if  you  found  that  your 
antenna  was  mistimed.  If  youVe  never 
tested  your  dipole  and  it  flmiks  this  simple 
test,  you  may  be  quite  surprised  at  how 
much  livelier  the  band  becomes,  I  know  I 
was! 

.  •  •  W2DXH 
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ALL  THIS 
ONLY 


COMPLETE 


Matching  Stubs 


BUckwell  B,  Evans,  Jr.  WA5STM 

S5I4  Sutton  PUca 

New  Orleans,  Louisiana  701  14 


This  article  will  show  you  Bow  to  match 
any  feedline  to  an  antenna  and  get  an  SWR 
of  less  than  2  to  1.  There  is  no  restriction 
on  antenna  t>^pe  or  feeder  length.  All  that 
is  required  Is  an  SWR  meter;  however, 
knowing  the  approximate  antenna  imped- 
ance will  do. 

First,  ril  tell  you  how  I  came  across  this 
idea,  I  had  just  moved  and  no  longer  had 
any  good  trees  for  stringing  up  antennas, 
I  looked  through  some  old  73*5  and  came 
up  with  a  bi-square  antenna.  It  looks  like 
a  single  element  from  a  Quad,  except  that 
it  is  a  half-wavelength  long  on  each  side. 
The  article  (73,  August  1961)  was  by  David 
Bell  W8GUE/6.  Many  thanks  to  David  for 
an  excellent  antenna. 

There  was  only  one  small  problem.  My 
version  was  for  15  meters  with  each  side 
about  22-feet  long*  This  made  it  more  than 
30-feet  tall  when  suspended  from  the  peak. 
In  the  article  it  was  matched  through  a 
quarter- wave  stub  of  open  wire  line  hanging 
from  the  end.  This  was  another  11  feet 
added  to  the  end.  My  only  tree  was  not  tall 
enough  to  accomodate  this  too.  The  bottom 
three  feet  of  the  stub  were  left  on  the 
ground.  In  addition,  1  was  going  to  have 
to  tune  the  thing  by  the  trial  and  error 
method  after  I  got  it  up.  I  figured  there 
had  to  be  an  easier  way  to  match  aU  this 
jimk   up   so  it   would   radiate  properly. 

A  few  hours  spent  flipping  through  the 
pages  of  the  ARRL  Antenna  Handhook  and 
other  books  were  very  profitable. 

When  a  line  is  hooked  up  to  an  antenna 
and  the  impedance  of  the  fine  is  different 
from  that  of  the  antenna,  then  there  is  a 
reactive  component  present  on  the  line.  The 
SWR  is  high  and  losses  increase.  A  great 
deal  of  power  may  be  lost  without  putting 
much  of  a  signal  on  the  air.  To  rectify  this 
you  need  only  put  in  an  equal  amount  of 
reactance^  but  of  the  opposite  kind.  This 
will  reduce  the  SWR  and  power  losses. 

A  length  of  transmission  line  which  is  a 
quarter- wave  length  long  behaves  like  a  res- 
onant circuit.  If  it  is  shorted  at  one  end, 
it  appears  as  a  parallel  resonant  circuit  with 
high  resistance;  if  open-ended,  a  series  reso- 
nant   circuit     with    low     resistance.     Lines 
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OP£N  STUB 


CLOSED  STUB 

Pig.  L  How  reactance  is  inserted.  A  shows  the 
distance  from  the  antenna  for  inserting  the  stub 
and   B  is  the  length  of  the  stub. 


shorter  than  a  quarter-wavelength  will 
exhibit  reactance  as  well  as  resistance.  An 
open  end  line  will  have  capacitive  reactance, 
A  closed  end  line  will  have  inductive  react- 
ance. A  line  less  than  a  quarter-wavelength 
long  may  therefore  be  used  to  match 
antenna  and  line  impedances  for  low  SWTl, 

Fig*  1  shows  how  the  reactance  is  inserted. 
A  is  the  distance  from  the  antenna  at  which 
the  stub  is  inserted.  B  is  the  length  of  the 
stub  itself.  Fig.  2  shows  another  arrange- 
ment which  performs  the  same  way,  but 
looks  a  little  different. 

If  either  the  standing  wave  ratio  or  the 
impedance  of  the  antenna  is  known,  then 
lengths  A  and  B  can  be  computed  easily. 
There  are  only  two  requirements.  One,  the 
stub  and  the  feedline  must  have  the  same 
impedance,  and  tw^o,  the  antenna  must  be 
resonant  at  the  intended  frequency  of  opera- 
tion. These  are  easy  requirements  to  fulfill. 

The  first  decision  to  make  is  wbether  to 
use  an  open -end  stub  or  a  closed  stub*  This 
will  depend  on  the  ratio  of  antenna  to  line 
impedance.  When  the  antenna  impedance  is 
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1 

CLOSED  STUB 

Fig.  2-  This  arrangen^ent  gives  the  same  performance 
as  Fig.  I    but  is  different  in  appearance. 
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less  than  the  line  impedance,  a  capacitive 
or  open  end  stub  is  used*  If  the  antenna 
impedance  is  greater  than  the  characteristic 
line  impedance,  an  inductive  or  closed  end 
stub  is  needed.  If  you  are  nsing  150^  300, 
450,  or  600  olim  twinlead  or  ladderliue  and 
the  antenna  is  current-fed,  then  you  wiU 
probably  need  an  open  stub.  If  the  antenna 
is  voltage-fed,  then  a  closed  stub  will  prob- 
ably be  needed-  There  are  exceptions. 

Fig*  3  shows  the  current  and  voltage 
distribution  along  a  half -wavelength  of 
antenna.  If  the  feedline  intersects  the 
antenna  at  a  current  loop  (maximum)  and 
a  voltage  node  (minimiim)  then  the  antenna 
is  current-fed.  The  old  standby,  the  half- 
wave  dipole,  is  current-fed.  If  the  antenna 
is  fed  at  a  voltage  loop  and  current  node, 
then  it  is  voltage-fed.  Note  that  these  terms 
do  not  correspond  to  the  terms  end  feed 
or  center  feed. 

Having  decided  what  type  of  stub  to 
use,  the  next  step  is  to  measure  the  standing 
wave   ratio.    Hook   the   feedline    directly   to 

■r 

the  antenna  and  tune  np.  CAUTION:  do 
not  load  to  maximum.  When  these  manu- 
facturers   say   that   their   super-duper   trans- 


this   or   the   SWR  reading   (they  should  be 
about  the  same). 
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H 

Fig.  3*  Current  and  voltage   disfribuflon. 

ceiver  will  deliver  400  watts  to  a  load  with 
an  SWR  of  2  to  1  or  less,  they  mean  it. 
These  finals  will  not  dissipate  the  reflected 
power.  The  feedline  may  not  take  the 
extremes  caused  by  mismatch  either.  And 
while  measuring,  remember  that  you  are 
radiating  some  power  despite  a  monstrous 
S\A'R.  I  worked  Europe  559  witli  60  watts 
and  SWR  of  4  to  1,  so  your  signal  does 
cause  QRM,  If  you  know  the  impedance  of 
the  antenna  J  then  forget  about  measuring 
SWR  unless  the  antenna  is  not  very  high 
or  is  very  near  anything  that  might  affect 
its  impedance  value.  Divide  the  antenna 
impedance  by  the  line  impedance,  or  vice 
versa  if  the  line  has  the  larger  value.  Using 
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Chart  6 
FeedHne  Type 

Coax 

(solid  dielectric) 
Twinlead 
75  ahm 

150  ohm 

300  ohm 
Open- wire  line 


Velocitv  Factor 


.66 

,70 

•77 
.82 


Due  to  the  different  dielectrics  used, 
radio  waves  travel  along  transmission  lines 
at  different  speeds,  always  less  than  the 
speed  of  radio  waves  in  free  space.  As- 
suming you  now  have  the  wavelength  re- 
quired and  the  frequency  and  the  velocity 


MAY  1968 


25 


factor,  >^ou  are  now  ready  to  compute  the 
exact  lengths  needed.  Use  the  following 
equation: 

985 

length   in   feet    =    7 X   velocity 

frequency 

factor  X  length  in  wavelengths.  You  will 
need  to  use  it  twice;  once  for  A,  and  again 
for  B. 

Now  that  you  have  the  lengths  requii-edj 
merely  break  into  the  line  at  the  appropriate 
point  and  connect  the  stub.  H  you  use  the 
arrangement  in  Fig.  2,  just  connect  a  stub 
equal  in  length  to  A  plus  B  and  hook  the 
feedline  onto  it  at  a  distance  from  the 
antenna  equal  to  A. 

Just  to  make  sure  youVe  got  the  idea, 
ril  work  out  an  example.  Lef  s  assume  that 
I  have  just  put  up  a  two  half-waves-in-phase 
collinear  for  ten  meters.  This  looks  like  a 
dipole  except  each  side  is  a  half -wave-length 
long.  This  makes  it  voltage-fed.  Therefore 
I  will  use  a  closed  stub.  I  hook  up  the 
300  ohm  twinlead  and  measure  the  SWR.  I 
get  a  reading  of  about  15  to  1*  Next  I  take 
a  look  at  chart  5.  From  this  I  get  a  value 
of  ,21  wavelengths  for  A  and  ,04  for  B. 
Using  the  velocity  factor  of  .82  for  twinlead 


and  an  operating  frequency  of  28 J  ^  I  get 
the  following  equations: 

for  A 


985 
283 


X  ,82  X  .21  =  approximately  6*05  feet 


for  B 


X  .82  X  .04  =  approximately  U5  feet 


985 
28T 

Which  means  that  a  distance  of  six  feet 
and  one-haK  inch  from  the  antenna  I  should 
insert  a  stub  one  foot  two  inches  long, 
shorted  at  the  end. 

It's  hard  to  say  just  how  broadband  this 
type  of  thong  will  be.  On  fifteen  meters,  by 
designing  around  a  frequency  of  21,050 
MHz,  I  get  a  standing  wave  ratio  of  1/1  to 
1  at  21.0  MHz,  and  1.5  to  1  at  21.350  MHz 
on  my  bi square.  Being  a  CW  man,  I  have 
never  been  higher  than  this. 

There  is  no  reason  why  you  cannot  make 
the  stubs  out  of  coax  if  you  want  to.  You 
can  use  a  T-connector  or  splice  it  and  seal 
the  joint  with  tape. 

This  method  should  eliminate  a  lot  of 
unnecessary  work  in  tuning  the  feed  system 
of  any  antenna  that  uses  stub  matching.  No 
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more  will  you  have  to  make  an  endless 
string  of  hit-or-miss  adjustments  and  often- 
times end  up  settling  for  less  than  the  best 
match.  For  those  who  want  a  more  theo- 
retical and  detailed  explanation^  I  recom- 
mend the  ARRL  Antenna  Handbook,  AIso> 
strangely  enough,  many  of  the  older  radio 


handbooks  (pre  1950)  give  excellent  infor- 
mation on  this  aspect  of  antennas,  I  have 
always  found  that  when  it  comes  to  putting 
up  a  new  antenna,  it  is  always  the  cost  of 
the  feedline  that  stops  me.  From  now  on 
though,  I  can  feed  a  new  anteima  with  what- 
ever I  can  get  my  hands  on.       •  .  .  WA5STM 


UFO  NET 

(Continued  from  page   2) 

-* 

tigation  project  of  the  Air  Force  and  mutual 
cooperation  has  been  assured-  Nicap  (Na- 
tional Investigations  Committee  on  Aerial 
Phenomenon)  is  also  interested  in  our  pro- 
ject and  has  promised  cooperation.  The 
cover  photograph  on  the  April  issue  and  the 
photograph  at  the  head  of  this  article  were 
both  provided  by  NICAP.  Both  photographs 
are  considered  authentic  and  have  been 
exhaustively  investigated.  The  net  is  also 
tied  in  with  the  24-hour  a  day  reporting 
system  set  up  by  Frankhn  Pierce  College 
in  Rindge,  New  Hampshire. 

Are  UFO's  Space  Ships? 

In  spite  of  the  Aousands  upon  thousands 
of  eyeball  reports  on  UFO's  by  dependable 
observers  J  there  is  still  a  serious  question  in 
many  minds  about  their  actual  existance. 
Their  existence  has  yet  to  be  fully  proven 
.  .  ,  and  so  has  their  lack  of  existence. 
The  mere  possibihty  that  the  UFO's  do 
really  exist  and  are  space  ships  is,  I  am 
sure,  motive  enough  to  warrant  the  use  of 
every  means  at  our  command  to  investigate 
the  question. 

The  reports  in  new^spapers  of  UFO  sight- 
ings frequently  foUow  very  definite  patterns 
across  the  country.  It  does  appear  diat  if 
communications  were  established  throughout 
the  country,  communities  along  the  pro- 
jected path  of  these  UFO's  might  be  able  to 
spot  them  and  even  get  set  up  to  take 
pictures*  If  this  works  out  it  would  not  be 
long  before  teams  could  start  getting  ready 
for  more  sophisticated  examinations  of  the 
UFO's  as  they  pass  by. 

If  we  set  up  our  network  so  that  we  get 
immediate  reports  from  evers^  possible  source 
in  our  communities^  we  will  have  made  a 
major  contiibution  to  our  country.  And  this 
sensitive  detection  system  would  work  two 
ways.  It  would  report  anything  spotted  to 
the  amateur  radio  network  ,  .  .  and  the 
network  would  report  to  the  "eyes*'  of  the 
community  when   anything  was  heading  in 


that    direction^    alerting    hundreds    or    even 
thousands   of  people   to  be  on   the  watch. 

On  the   UFO  Net 

During  the  establislunent  of  the  net  it 
might  be  of  interest  to  those  gathered  to 
review  some  of  the  books  and  magazine 
articles  on  UFOs,  Wliile  some  of  them  are 
rather  obviously  far  out,  others  make  every 
attempt  to  report  only  carefully  checked 
facts. 

It  is  interesting  that  many  of  the  govern- 
ments of  the  world  take  the  UFO  problem 
quite  seriously.  I  believe  that  our  ovro 
government  is  almost  alone  today  in  poo- 
poohing  UFO  reports.  Those  of  you  who 
subscribe  to  Soviet  Life  or  read  it  in  your 
local  library  were  undoubtedly  fascinated 
by  the  article  in  the  February  issue  on  UFO 
reports  in  Russia  and  the  establishment  of  a 
serious  program  to  investigate  them*  They 
have  mobilized  their  observatories,  weather 
stations,  and  all  otlier  functions  which  could 
help  in  the  quest  for  answers  to  the  UFO's, 
Their  pilots  are  taken  seriously  when  they 
give  detailed  reports  of  sightings,  unlike  the 
ridicule  that  American  pilots  get  when 
they  try  to  give  UFO  contact  reports.  Is  it 
likely  that  the  thousands  of  UFO  reports  in 
Russia  are  just  imaginary? 

I  would  like  to  hear  from  operators  inter- 
ested in  acting  as  net  control  for  the  UFO 
Net*  I  vnll  call  in  whenever  I  can,  but  I 
pretty  much  work  the  clock  around  here  at 
73  and  my  air  time  is  sadly  scanty.  Witli 
the  backing  of  73  I  hope  that  we  can  get 
enough  operators  interested  so  that  we  will 
have  a  good  solid  network  going.  I  will  be 
glad  to  publish  reports  in  73  of  the  progress 
of  the  net  and  its   accomplishments. 

Remember,  if  the  UFO's  are  not  real  our 

network  wiU  certainly  make  this  ob\ious.  If 

they  are  real^  then  amateur  radio  may  be 

on   the  verge  of  doing  the  most  important 

piece  of  PICON  in  its  history.  How  about 

you?  Are  you  going  to  be  a  part  of  this? 

We  need  every  community  in  the  country  in 

this  net, 

.  W2NSD 
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A  Ten  Meter  Folded  Dipole  Antenna 


Ten  meters  is  open!  Along  with  the  open- 
ing comes  TVI  on  channel  two*  The  TVI 
is  especially  bad  on  the  new  broad  band 
TV  color  sets  now  coming  on  the  market. 
To  prevent  interference  the  only  solution 
is  to  use  a  one  band  antenna  or  one  that 
does  not  radiate  the  second  harmonic.  Gen- 
erally channel  two  interference  cannot  be 
cured  with  a  low  pass  filter  and  a  high  pass 
on  tlie  TV  set  because  the  transmitter  is 
sending  out  on  channel  two. 

The  best  antenna  is  a  ten  meter  beamj 
however,  investing  in  a  beam,  rotor  and 
tower  for  the  short  period  that  ten  is  open 
may  be  out  of  the  question.  The  beam 
after  a  few  years  use  is  left  swinging  in 
the  breeze  during  the  dry  speU.  My  expe- 
rience has  been  to  get  a  beam  up  just  before 
the  band  goes  dead.  Not  wanting  to  go 
through  the  cycle  again  a  search  was  made 
for  a  substitute  antenna.  The  selection  nar- 
rowed down  Lo  a  vertical  folded  dipole- 

Theory 

The  length  of  a  folded  dipole  can  be 
found  using  the  formula  468 /f  ^  will  give 
the  length  of  the  dipole  in  feet.  The  length 
of  16  ft  6  in  is  a  good  compromise  for  the 
whole  of  ten  meters.  The  advantage  of 
using  a  folded  dipole  are  several:  It  is  a 
broad  band  device.  This  is  good  for  ten 
meters  where  the  operating  range  is  from 
28,0  MHz  to  29  MHz.  The  next  advantage 
and  most  desirable  characteristic  is  tliat  it 
does  not  accept  power  at  twdce  tlie  funda- 
mental frequency.  This  means  that  it  should 
attenuate  the  channel  two  harmonic  pro- 
viding there  is  no  capacitive  coupling  at 
the  tuning  end.  Cutting  the  feeders  22-32 
feet  long  or  the  length  52-64  feet  long  will 
also  help. 

The  folded  dipole  does  not  accept  power 
at  even  multiples  of  the  fundamental  be- 
cause the  folded  section  acts  as  a  contin- 
uation of  a  transmission  line.  The  folded 
dipole  is  better  than  a  single  dipole  he- 
cause  the  current  in  the  two  conductors 
flows  in  the  same  direction  and  acts  as  two 
conductors  in  parallel  and  the  current  there- 
for in  each  conductor  is  divided.  Thus  the 
feed  line  sees  a  higher  impedance  because 
it  is  delivering  the  same  power  at  half  the 
current  and  the  impedance  is  about  four 
times  greater  at  the  feed  point  than  a  reg- 
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ular  dipole.  This  enables  us  to  use  300  ohm 
twin  lead  to  feed  the  antenna. 

The  folded  dipole  antenna  mounted  in  a 
vertical  position  with  the  bottom  12  to  24 
inches  off  the  ground  offers  a  low  angle 
of  radiation  and  probably  a  lower  angle 
than  most  beams,  although^  without  the  gain. 
The  lower  angle  is  really  an  advantage 
when  reaching  out  for  the  extreme  DX.  The 
all  around  pattern  is  also  an  advantage 
for  SSB  round  table  discussions. 

For  the  investment  the  vertical  folded  di- 
pole is  a  good  solution  for  those  who  do 
not  want  to  put  up  a  beam  for  the  short 
period  of  years  ten  is  open, 

Constructfon 

Make  a  trip  to  the  lumber  yard  and  buy 
a  20  foot  2x2  and  give  it  a  undercoat 
and  three  coats  of  Z-Spar  boat  paint.  Put 
two  brass  screw  eyes  at  the  top  of  the 
pole  and  two  at  the  bottom  a  sufficient  dis- 
tance away  to  accommodate  the  length  of 
wire  and  insulators  plus  turnbuckles*  String 
the  wire  on  each  side  of  the  2x2  between 
the  insulators  and  tighten  the  turn  buckles* 
Solder  jumpers  on  each  end.  The  center  in- 
sulators where  the  feedline  is  attached 
should  be  a  short  one.  Wires  can  be  soldered 
from  it  to  several  6-32  machine  screws  on 
a  piece  of  Incite  which  has  been  screwed 
to  the  2  X  2  to  help  take  the  strain  when 


the  300  ohm  line  is  pulling.  The  300  ohm 
twin  lead  should  come  away  from  the  an- 
tenna  about  ten  feet.  It  can  be  held  by 
end  slotting  some  sticks  which  are  then 
nailed  to  the  house  or  garage  to  support 
the  line, 

The  antenna  mast  can  now  be  nailed  to 
the  eaves  of  the  house  or  garage.  The  bot- 
tom of  the  2x2  can  be  bolted  to  an  angle 
iron  or  aluminum  four  inches  long  which  in 
turn  can  be  bolted  to  the  concrete  vdth  1/4 
X  20  bolts  set  in  the  cement*  An  easy  way 
to  do  this  is  to  star  drill  3/8  holes  about 
1  inch  deep  and  put  the  head  of  the  bolt 
in  the  hole.  Heat  some  sulphur  in  a  can  with 
a  torch  and  pour  it  in  the  hole  and  it  will 
be  secure. 

Since  most  transmitters  are  Pi-Network 
output  it  will  be  necessary  to  use  an  an- 
tenna tuner.  Link  coupling  to  the  timer  and 
with  the  condenser  adjustments  will  pro- 
vide  a  means  of  obtaining  zero  SWR 
throughout  the  whole  of  the  ten  meter  band 
as  far  as  the  transmitter  is  concerned. 

Does  it  work?  By  the  order  of  the  tur- 
tle it  does.  Just  as  many  Gb,  DL's,  DJ's> 
JA's,  LU,  VK,  and  ZL's  have  been  worked 
with  as  much  ease  as  with  the  old  four 
element  beam.  For  the  few  dollars  invest- 
ment for  woodj  paint  and  wire  compared 
with  the  beam,  tower  and  rotor  you  can 
say  that  I  am  sold  on  iti 

.  .  .  W6BLZ 
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The  Duo  Vee  Beam  Antenna 


^ 


15  METERS 


10  METERS 


^ 


Please  double  ten  meter  eie- 
ment  lengths  to  correct  for 
drafting   error- 


The  antenna  can  truly  be  called  the  front 
end  of  your  rig.  Regardless  of  the  quality 
of  the  receiver  or  the  transmitter  the 
results  that  will  be  achieved  will  be  depend- 
ent on  the  antenna. 

maximum    transfer    of 

the   antenna   there   are 

necessary    to    any 


are 


To  achieve  the 
energy  to  or  from 
some  items  which 
antenna  installation, 

1.  The  elements  should  be  full  resonant 
lengths,    no   traps   or   loading   coils. 

2.  The  driven  element  should  be  resonant 
at  the  design  frequency. 

3.  The  reflector  should  not  be  resonant 
above  the  lowest  design  frequency. 

4.  Directors  should  not  be  resonant  below 
the  highest  design  frequency* 

5.  The  antenna  should  be  mounted  as  high 
as  possible  and  in  the  clear. 

6.  Some  type  of  matching  device  must  be 
used  at  the  antenna  to  match  the  antenna 
to  the  feed  line  to   obtain  an  SWR  of  1:1, 

If  the  above  requirements  are  met  a  good 
performing  antenna  will  result.  Notice  that 
the  matching  device  must  be  at  the  antenna. 
So  many  times  I  have  had  QSO's  and  the 
statement  was  made,  *T  have  an  SWR  of 
1:1  because  I  always  use  an  antenna 
tuner,"  To  be   sure   this   station   has   a    1:1 


M^  Eugene  Spiess  KIUFQ 
6   Eastland    Drive 
Manchester^  Conn. 

SWR  but  it  is  between  the  tuner  and  the 
transmitter  and  what  the  SWR  is  between 
the  tuner  and  the  antenna  is  anyone's  guess. 
There  is  only  one  place  where  a  match  can 
be  correctly  made,  and  that  is  at  the 
antenna.  Just  so  no  one  will  get  the  v^ong 
impression  J  I  have  nothing  against  antenna 
tuners  or  couplers,  1  always  use  one,  not 
for  SWR  adjustments  but  for  harmonic 
suppression  and  I  firmly  believe  all  trans- 
mitters should  have  one  in  the  Kne  with  an 
SWR  bridge  permanently  built  in.  While  we 
are  on  the  subject  of  antenna  couplers  let's 
discuss  the  correct  place  where  they  should 
be  connected  in  the  line.  Here  I  go  sticking 
my  neck  out  by  not  going  along  with 
technical  and  hand  books,  but  let's  analyze 
the  situation.  Let  us  say  ^we  have  a  perfectly 
matched  beam  antenna  to  a  52  ohm  line. 
We  have  an  antenna  coupler  between  the 
line  and  the  TR  relay.  We  turn  on  the 
transmitter  and  adjust  the  coupler  for  a 
1:1  SWR.  Let  us  say  the  transmitter  has 
a  52  ohm  output  impedence.  Right  now  we 
could  not  have  a  better  situation.  The  52 
ohm    output   of    the   transmitter    looks    into 
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the  coupler,  sees  52  ohms,  the  coupler  looks 
into  the  transmission  line  and  sees  52  ohms, 
the  transmission  hne  is  terminated  at  the 
antenna  matching  device  and  sees  52  ohms. 
All  the  little  electrons  are  as  happy  as  larks. 
We  now  get  an  answer  to  our  CQ  and  throw 
the  TR  switch  to  receive.  Tlie  antenna  now 
is  the  source  of  rf  instead  of  our  trarts- 
mitter.  The  antenna  looks  into  the  trans- 
mission line  and  sees  52  ohms,  the  trans- 
mission line  looks  into  the  coupler  and  sees 
52  ohms,  the  coupler  looks  into  the  receiver 
and  doesn't  know  what  it  is  liable  to  see. 
Perhaps  on  some  band  and  some  frequency 
on  that  band  it  might  see  52  ohms.  There 
is  only  one  place  the  coupler  should  be  and 
that  is  between  the  transmitter  and  the 
TR  relay.  If  you  don't  believe  this,  build 
yourself  a  receiver  antenna  coupler  and 
take  some  S  readings. 

The  reader  may  well  ask  at  this  point 
what  the  above  has  to  do  with  building  a 
Duo  Vee  Beam  Antenna.  The  answer  is 
nothing  regarding  the  building  of  the  beam, 
but  if  the  design  is  not  made  according  to 
the  basic  rules  as  stated  this  antenna  or  any 
other  antenna  will  not  give  optimum  results. 

Let's  get  on  with  the  Duo  Vee  Beam 
construction  and  the  reason  for  its  creation. 
The  author  has  tried  all  types  of  antennas 
except  a  rhombic,  and  the  reason  for  not 
trying  a  rhombic  is  because  of  the  terrain 
at  this  location.  The  most  outstanding 
antenna  on  one  band  was  the  four  element 
circular  beam  that  was  the  brain  child  of 

K8CFU.* 

The  author  could  find  no  antenna  that 
could  equal  this  circular  quad  on  one  band. 
But  two  band  operation  was  desired  and  as 
soon  as  the  other  elements  were  added,  the 
original  one  lost  its  punch.  The  handbooks 
may  again  say  there  is  no  interaction  but 
when  "S"  imits  go  dowm,  something  is 
causing  it.  The  desire  for  a  two  band  beam 
with  no  interaction  was  the  reason  for 
experimenting  and  the  result  was  the  Duo 
Vee  Beam,  The  accompaning  sketch  is  self 
explanatory  for  building  the  beam.  All  the 
tubing  can  be  obtained  in  a  hardware  store 
along  with  the  aluminimi  flat  stock.  The 
two  inch  twenty  foot  aluminum  boom  is  a 
piece  of  irrigation  tubing*  The  clamps  are 
TV  type  clamps. 

No  value  of  gain  can  be  given  as  none 
was  made  for  the  simple  reason  that  without 
laboratory    equipment    the    readings    would 

*  Archibald   Doty,   Jr,,  Box  573,    Friinklm^    SOcIiigaii. 
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have  no  meaning.  Even  with  laboratory 
equipment  gain  readings  must  be  taken  with 
a  grain  of  salt.  Suffice  it  to  say  that  with 
tlie  Duo  Vee  Beam  fifteen  over  nine  reports 
from  Europe  on  fifteen  meters  was  obtained 
and  twenty  over  nine  in  South  America  on 
ten  meters,  all  with  an  Apache  running 
ninety  watts  input. 

With  a  ground  wave  signal  a  F/B  ratio 
shows  24  dB,  Note  that  this  F/B  was  ground 
wave  as  a  skip  signal  will  cause  the  F/B 
ratio  to  vary  depending  on  the  angle  of  the 
arriving  wave*  The  sketch  shows  the  dimen- 
sion  for    a    design    for    10   and    15    meters. 

be    designed    for    other 
of  the   formula   V4  wave 


This    antenna  can 

bands  bv   the  use 

.  246 
length  equals 


^^    and  the  tuned  by  adjust- 
FMHz 

ing  the  telescoping  tubing  in  the  elements. 
Of  course  your  rotor  indicator  will  read 
the  opposite  direction  on  fifteen  if  the  ten 
meter  side  is  set  to  compass  directions  but 
this  poses  no  problem,  so  study  the  sketch, 
build  yourself  a  Duo  Vee  Beam  and  Til 
be  looking  for  you  widi  the  strongest  signal 
on  the  band.  Hi*  •  -  -  KlUFQ 
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Computer  Design  of  Beam  Antennas 


The  purpose  of  this  article  is  to  acquaint 
the  reader  with  the  technique  of  using  a 
machine  to  help  make  a  decision,  or  even 
to  malce  the  decision  for  him.  Computers 
are  used  in  the  business  world  to  make 
marketing  decisions,  and  in  the  Pentagon, 
cost  analysis  is  employed  to  justify  major 
decisions  on  the  defense  of  the  country. 

Many  articles  have  presented  to  the 
readers  the  problems  arising  in  the  com- 
puter agCj  with  forecasts  of  dire  results  to 
the  average  man.  This  article  hopes  to 
persuade  readers  who  have  doubts  about  the 
value  of  computers,  how  such  machines  can 
be  used  for  helping  us  reach  decisions,  even 
on  the  merits  of  antenna  systems,  a  favorite 
for  discussion  at  the  amateur  radio  club. 

The  capability  of  the  computer  to  do 
arithmetic  at  fantastic  speeds  is  used  in 
various  "languages*'  where  the  user  com- 
mands the  machine  to  do  his  bidding.  One 
common  language  is  called  ^'Fortran'',  and 
a  set  of  instructions  makes  a  program.  We 
can  instruct  the  computer  with  a  Fortran 
program  to  do  fast  calculations  on  the  merits 
of  various  systems,  provided  we  realize  that 
initially  it  knows  nothing  about  the  subject 
and  we  must  prime  it  with  knowledge.  If 
the  final  result  is  wrong,  it  is  not  the  fault 
of  the  machine,  but  of  the  programmer, 

A  relatively  new  development  in  the  use 
of  computers  is  in  the  principle  of  sharing 
an  expensive  machine  among  many  cus- 
tomers. The  new  techniques  in  computer 
design  have  allowed  the  calculations  to  be 
made  in  less  time  than  a  teleprinter  will 
type  out  the  answer.  So  it  is  possible  for 
a  large  computer  at  a  central  location  to 
be  asked  questions  by  a  person  many  miles 
away,  using  ordinary  telephone  lines  to 
carry  the  conversation  between  the  com- 
puter and  an  inexpensive  teletype  terminal. 
This  can  be  located  in  an  oflSce  or  even 
in  a  home  a  considerable  distance  away. 
This  leads  us  to  your  home  in  the  not-so- 
distant  future,  where  your  wife  will  use  a 
distant  computer  to  help  her  do  her  shop- 
ping! Your  children  will  have  been  taught 
how  to  carry  on  a  conversation  with  a 
machine.  In  fact,  programmers  today  are 
working  towards  the  ultimate  language, 
which  will  approximate  normal  conversation. 


J,  D,  Cameron  WA4WWM 
Box    I39C,   Rt,  2 
Amherst.  Va* 


The  future  computer  will  be  instructed  and 
will  answer  in  speech,  but  today  we  type 
our  instructions. 

Most  of  us  who  like  to  dream  of  antennas 
on  high  towers  have  limited  funds,  so  there 
is  a  height  of  the  tower,  in  conjunction  with 
the  number  of  elements  in  the  beam^  which 
will  give  best  results  for  our  money.  The 
question  we  want  answered  is,  for  a  vari- 
able height  and  variable  beam  size  {number 
of  elements),  what  is  the  best  value  in  terms 
of  gain  per  dollar^  and  is  there  an  optimum 
height  and  number  of  elements  we  could 
use  for  each  band.  For  this  article,  we  shall 
consider  7  MHz,  14  MHz,  21  MHz,  and  28 
MHz  amateur  bands,  heights  from  20  feet  to 
100  feet,  and  beams  of  the  close-spaced 
Yagi  type  from  one  (a  rotary  dipole)  to 
six  elements.  Individuals  have  different  ideas 
on  consti'uction  techniques^  but  for  amateur 
home-built  antennas  we  have  an  idea  of 
the  approximate  cost  of  an  antenna  with 
a  tower.  Based  on  our  knowledge,  we  then 
derive  a  formula  which  seems  to  be  reason- 
able. Undoubtedly,  the  formula  used  will 
not  agree  with  the  es^erience  of  many 
amateurs.  However,  the  principles  used  can 
be  exploited  to  suit  individual  ideas^  so  your 
own  formulae  for  gains  and  costs  can  be 
substituted.  The  cost  formula  is  a  little 
complex,  as  the  tower  cost  increases  with 
height  and  also  with  beam  size,  requiring 
greater  strength  for  a  heavier  load. 

First  consider  power  gain  relative  to  a 
20  M  dipole  at  33  feet,  or  a  half  wavelength 
high.  As  the  number  of  elements  increases^ 
the  gain  increases.  As  the  height  increases, 
the  gain  increases.  As  the  frequency 
increases  at  that  height,  the  gain  increases. 
To  simplify  the  formula  for  gain  we  shall 
assume  a  linear  relationship.  So  we  have 
Gain  =  Height  x  Elements  x  Frequency 
divided  by  a  factor  A.  A  20  M  dipole  at 
33  feet  is  our  reference.  Therefore,  1  =  33  x 

I  X  14  ^  A,  A  =  470.  To  check  A,  assume 

II  dB  gain  for  a  5  element  beam  at  66  feet 
high  on  14  MHz. 
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11  dB  is  a  power  gain  of  12,  Therefore, 
12  =  66  X  5  X  14  ^  A,  A  =  390.  Select  a 
value  of  400  as  reasonable.  Now  we  have 
G  =  (F  X  H  X  N)/400  as  one  fonnnla  for 
our  program.  The  equation  for  the  cost  of 
the  tower  plus  the  beam  comes  from  personal 
experience  and  can  be  varied  to  suit  the 
individual.  In  this  example,  the  final  result 
was  derived,  Cost  =  60  x  Height  x  Square 
root  of  elements  plus  600  x  Elements  aU  di- 
vided by  frequency. 

We  shall  break  down  the  system  cost  into 
beam,     tower     and    rotator,     A    reasonable 

1      r        1       1  ,    SOON     ^ 

formula  for  the  beam  cost  is  — = — .  1^  or  ex- 

r 

ample,  a  3  element  beam  at  14  Mc  comes 

to  $108,  and  at  28  Mc  would  be  $54,  Some 

ingenuity  will  give  a  7  Mc  3  element  beam 

for   $216.   The   tower   must   be   stronger   as 

the  beam  size  increases  at  a  given  heightj 

so    a    factor    involving    N    is    used    in    the 

tower   formula,   with   an   estimated   cost   of 

50  X  H  X  VN    ^  ,         Kn  c    ^  ^ 
-; ,  For  example,  a  50  root  tow- 

F 
er  to  hold  a  14  Mc  3  element  beam  would 
cost  $310.  Adding  20%  to  the  total  estimated 
cost  for  a  rotator  gives  tlie  final  formula. 


Cost  = 


(500  N  +  50  H  X  \  N)   X  1,2 


Therefore,  for  the  computor, 


C  =- 


60  X  H  X  \  N   +  600N 


Value  can  be  defined  as  performance 
versus  eost^  or  in  this  case,  decibels  of  gain 
for  our  dollars.  Transfer  the  gain  into 
decibels  by  a  logarithmic  function  to  suit 
our  formula,  and  we  get,  V  =  Log  GJC. 

We  are  interested  in  the  maximum  value 
obtained  from  7  MHz  to  28  MHz  for  all 
combinations  of  heights  from  20  feet  to 
100  feet  in  steps  of  2  feet,  with  antennas 
from  one  to  six  elements, 

Each  new  calculation  of  V  is  compared 
with  the  previous,  and  the  larger  of  the 
two  selected.  First,  at  F=7  MHz  for  a  range 
of  heights  from  20  feet  to  100  feet,  the 
best  value  in  dB  per  dollar  is  found  for 
a  dipole  (one  element).  Then  the  computer 
goes  through  the  next  loop  calculating  the 
best  value  for  a  t%vo  element  beam  at  all 
heights,  comparing  with  the  previous  best 
for  a  dipole,   and   storing  the   maximum   in 


its  memory.  The  process  is  repeated  up  to 
six  elements.  The  best  value  for  the  first 
frequency  of  interest,  7  MHz,  is  then 
printed.  Similarly,  the  maximum  dB  per 
dollar  is  printed  for  14  MHz,  21  MHz  and 
28  MHz.  We  shall  see  lines  of  print  inform- 
ing us  of  frequency,  ntjmber  of  elements, 
height,  gain  in  dB,  and  cost  for  the  best 
value  at  that  frequency. 

Note  that  the  figures  shown  apply  to 
single  beams  on  towers,  so  it  should  be 
obvious  that  we  shall  get  better  value  for 
our  money  by  using  a  tii-band  beam  on 
one  tower. 

Don  Gordon,  W4VTT;  pointed  out  that 
an  extension  of  the  program  would  be  to 
simulate  the  conditions  when  we  have 
hmited  funds  available,  a  common  occur- 
rence! He  rewrote  the  program  to  find  out 
the  best  beam  size  versus  height  for  fixed 
costs,  selecting  $300,  $400,  $500  and  $600, 
The  comparison  in  value  now  is  limited  at 
a  fixed  cost  in  each  case,  and  the  print 
has  an  additional  column,  allowable  cost. 
The  print-out  is  now  frequency,  number  of 
elements,  height,  gain,  true  cost,  and  maxi- 
mum allowable  cost.  The  performance  in 
gain  is  compared  to  a  half -wave  rotary 
dipole  at  a  half  wavelength  high,  so  the 
dipole  on  7  MHz  at  24  feet  has  a  loss  of 
3  dB  with  reference  to  a  height  of  66  feet. 
If  you  have  $600  available  for  a  28  MHz 
beam  J  using  amateur  construction  tech- 
niques, the  computer  shows  a  6  element 
beam  almost  3  wavelengths  high  with  a  gain 
of  15  dB  over  a  dipole  at  16  feet 

We  have  seen  how  the  computer  can  give 
answers  rapidly  when  primed  widi  knowl- 
edge. Knowledge  is  gained  by  learning,  and 
in  the  average  human  being  is  a  long,  slow 
and  sometimes  painful  process.  But  die 
computer  can  be  rapidly  educated,  or  re- 
educated. Suppose  in  oin-  case  we  do  not 
agree  with  our  educated  machine.  We  can 
erase  the  knowledge  we  primed  it  with,  in 
other    words,    alter    the    formulas    we    had. 

Among  DX  antenna  enthusiasts  there  is 
always  the  old  argument  of  height  against 
beam  size.  Some  believe  in  height,  others 
believe  in  large  beams.  Our  program  so  far 
can  be  seen  to  favor  large  beams  at  medium 
heights  for  best  value  for  the  dollar.  For 
those  who  disagree,  we  can  re-educate  the 
computer  by  emphasizing  the  value  of 
height  Instead  of  a  3  dB  increase  on 
doubling  the  height,  we  can  assume  a  6  dB 
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increase.  We  now  incorporate  a  new  formula 

for  gain.  A  6  dB  increase  is  4  times  the 
power,  so  power  increases  as  the  square  of 
height.  The  gain  formula  is  now  re-written^ 
G  =  (F  X  H)2  X  N/A.  Again  we  know  G  =  1 
for  a  dipole  at  a  half  wavelength  high.  Recal- 
culating for  A  gives  the  value  of  220^000. 
We  prime  the  computer  with  this  new 
formula  and  run  the  program  again.  The 
results  are  shown  to  suit  the  height-oriented 
DX  chaser. 

Note  that  a  new  formula  for  gain  does 
not  allow  us  to  compare  the  actual  dB 
shown  in  the  gain  column  from  one  program 
to  another.  Gain  comparisons  should  be 
made  only  within  the  formula  used.  For 
example,  in  ihe  list  of  28  MHz  antennas 
at  $300,  $400,  $500  and  $600,  we  see  that 
the  increase  in  gain  is  6  dB  from  $300  out- 
lay to  $600,  while  at  7  MHz  the  increase 
is  from  —  8  dB  to  0  or  plus  8  dB  for  a  7  MHz 
rotary  dipole  increasing  in  height  from 
24  feet  to  60  feet. 

We  can  now  draw  some  conclusions  from 
the  four  programs.  The  first  gain  formula, 
which  emphasizes  the  large  beams,  shows 
that  at  7  MHz  we  must  be  prepared  to  invest 
a  large  sum  to  get  the  best  value  from  the 
antenna  system,  $1386  for  a  large  5  ele- 
ment beam  at  50  feet  high-  The  second 
formula  for  gain^  which  is  oriented  to  suit 
the  height-conscious  amateur  asks  for  even 
more  money  for  a  3  element  beam  on  7  MHz 
at   100   feet  high,   quite   an   antenna  1 

The  favorite  DX  band  is  20  Meters,  so 
our  two  best  values  tliere  are  o£  interest. 
The  first  formula  gives  a  3  element  beam 
at  40  feet  for  a  cost  of  $425.  The  second 
formula,  which  emphasizes  height,  shows 
almost  the  same  cost  for  a  rotary  dipole 
100  feet  high.  It  is  a  debatable  point  which 
of  the  two  would  give  the  strongest  signal 
at  a  remote  location. 

Now  let  us  examine  the  systems  available 
for  tlie  fixed  costs  of  $300  to  $600.  Our 
new  gain  formula  should  not  make  any 
difference  in  the  inexpensive  7  MHz 
antenna,  but  the  higher  frequencies  will  be 
height  oriented  again.  The  14  MHz  antenna 
for  $600  in  the  first  instance  is  a  4  element 
beam  at  50  feet,  and  in  the  second  case 
is  a  2  element  beam  at  84  feet  For  $300, 
the  choice  is  between  2  elements  at  34  feet 
and  a  rotary  dipole  at  60  feet.  At  the 
highest  frequency  we  have  considered^  28 
MHz,  at  the  maximum  allowable  cost  of 
$600,  we  can  choose  between  a  six  element 


beam  at  88  feet,   or  five  elements  at   100 

feet 

Consider  the  time  required  to  calculate 
all  the  values  by  conventional  means,  then 
compare  our  first  print-out  of  maximum 
values  taking  1134  seconds  and  the  second 
print-out  taking  less  than  half  a  minute  of 
computer  time! 

The  whole  conversation  with  the  computer 
for  the  two  programs  is  shown^  but  no 
attempt  is  made  to  explain  details.  For 
those  interested,  books  on  Fortran  are  easily 
obtainable-  You  can  substitute  your  ov^m 
formulae  to  determine  values  for  quad 
antennas,  and  the  computer  can  then  answer 
the  old  question^  yagi  versus  quad!  The 
result  will  vary,  of  course^  depending  on  the 
individual  amateur's  formulae,  and  the  total 
result  of  this  article  will  probably  be  to 
have  more  heated  discussions  in  the  club 
room. 
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ANTVAL         13:32        Wl   MON    12/11/67 
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Fortran  ^or  Antenna  Cost  vs.  Performance 


I 


Fr«c| 
7 
14 
2i 
28 


Elem 
5 
3 
3 

2 


Hght 
50 
40 
30 
30 


Gain 
6 
6 
6 
6 


Cost 

1386 

42  S 

234 

133 


At  Una  No.  310:  Stop  End,  Ran  69/6  Sec, 


System — Fortran 

New  or  Old— Old 

Old  Problem  Name— ANTCST 

Wait, 

Ready. 

List 

ANTCST  13:22        Wl   MON   12/11/67 

1 00  Print  "Best  Antenna  Sain  for  Fixed  Cost" 
110  Print  10 
120   10  Format  (f  HI4X4HFRE94X4HELEM 

4X4HHGHT4X4HGAIN4X4HCOST4X4HMAX$) 
130  DO  8  F  =  7,28.  7 
140  R  =  <P 

ISO  DO  7  M  =  300,  600,  100 
160  DO  3  N  ==  I,  6,  I 
r70  DO  I  H  =  20,  100,  2 
180  G  =  F*H*  N/400 
190  IF  (G-R)l,  1,2 

200  2  C  =  {60*H*S9RT(N)  +  600*N]/F 
210  IF  (M.C}I,4,  4 

220  4  R  =  G;  P  =  N;  Q  =  H;  S  =  C 
230  I   Continue 
240  3  Continue 
260  D  =  4.3*LOG(R) 
270  Print  6,  F.  P,  p,  D,  S,  M 
280  6  Format  {618] 
290  7  Continue 
300  8  Continue 
310  End 

Run 

ANTCST         13:25        Wl   MON   12/11/67 
Bast  Antenna  Gain  for  Fixed  Cost. 


1   Freq 

Elem 

Hght 

Gain 

Cost 

Ma4 

1 

I 

24 

-3 

291 

300 

7 

1 

36 

—  1 

394 

400 

7 

2 

26 

0 

486 

500 

7 

2 

34 

0 

583 

600 

14 

2 

34 

3 

291 

300 

14 

3 

36 

5 

395 

400 

14 

38 

7 

497 

500 

14 

50 

8 

600 

600 

21 

32 

8 

297 

300 

21 

50 

10 

400 

400 

21 

46 

II 

493 

500 

21 

60 

12 

59  J 

600 

28 

SO 

II 

30O 

300 

28 

60 

13 

394 

400 

28 

70 

14 

495 

500 

28 

86 

IS 

590 

600 

At  Line  No. 

310: 

Stop  End, 

Ran  J  69/6  See. 

MAY  1966 

EXCLUSIVE 


TELESCOPIC 
FIBERGLASS 
SPREADERS 


POLY  tri  QUAD 
ANTENNA  KIT 

2  element  ,  ,  .  tri-band  .  .  , 
power  gain  comparable  to  3 
el  yagi  .  .  .  lower  angle  of 
radiation  . . .  greater  capture 
area  . .  •  more  efficiency. 

•  8  Zip  Glas  Spreaders  (13') 

•  2  Universal  Starmounts 

•  I  Boom /Mast  Adapter 

•  I  Instruction  Manual 


Glasdramat- 
Ics  — contin- 
uous strands 
of  fiberglass 
simultane* 
ousfy  woven, 
wound  and 
drawn — then 
impregnated 
with  epoxy 
resins. 


ONLY 

5 


3  el  Kit.. $  89.95 

4  &I  Kit ,$119«95 

Not  Ready  For  Tri-Band? 

.  • .  you  get  the  same  quality 
with  POLY  duo  QUAD 
Kits  (15-10)  starting  as  low 
as  $54.95  and  10  meter 
POLY  mono  QUAD  Kits. 


The  Spreaders  with  the  Ultra-Viotet  Shield 

* . ,  Qreafer  flexuraf  strength , , ,  superior  to  anything  on  the 
market. , .  more  durable . ,  *  each  Zip  Glas  section  Is  finaf- 
dipped  in  rich,  sky-biue  epoxy  paint,, -this  final  coat  re- 
sists all  types  of  weather  deterioration , . ,  blocks  out  even 
the  sun's  destructive  rays. .  .adds  years  to  spreader  life* 

Exclusive  Universal 

Sfearmount; 

At  last,  a  spreader  mount 
that  grows  . . .  you  can  start 

with   a  2" 
boom,  later 
add   more 
elements 
on  a  larger  boom  without  dis- 
carding  your  original  Star- 
mount  • . .  die-cast  of  corro- 
sion resistant  aluminum  alloy 
.  • .  equally  rugged  aluminum 
alloy  boom/mast  adapter 
complete  with  hardware. 


^3 


Fits 

2"  to  3^ 

boom 


For  further  specifications  plus  connplete 
list  of  kits  and  individual  components,  write . 


*  1 


POLYGON  PLASTIC  CO. 

Division  of  Ptas/Steei  Products,  Inc. 

Dept.  16808,  64  Industrial  Park 
Walkerton,  Ind.  46574,  Phone  (219)  5B6-3122 
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VANGUABD 
MODEL  501 
Madv  In  USA. 


$279.95 


SHIPPING     COLLECT 

COMPLETE  WITH   LENS 

SU&^MtNiATURE  SOLID  STATE 
TV  CAMERA 

FOR   CLOSED   CIRCUIT  OR  AMATEUR  TV 

THE  VANGUARD  501  is  a  completely  automatic 
closed  cfrcuit  television  camera  capable  of  trans- 
mitting sharps  clear,  live  pictures  to  one  or  more 
TV  sets  of  your  choice  via  a  low*cost  antenna 
cable  (RG-59U>  up  to  a  distance  of  1000  ft.  wrthout 
the  need  for  accessories  or  modifications  on  the 
TV  sets.  The  range  can  be  extended  indefinitely  by 
using  line  amplifiers  at  repeated  intervals  or  by 
using  radio  transmitters  where  regulations  permft. 

There  are  hundreds  of  practical  uses  in  business, 
home,  school^  etc^  for  any  purpose  that  requires 
you  or  anyone  chosen  to  observe  anything  taking 
place  anywhere  the  camera  is  placed.  Designed  for 
continuous  unattended  operation,  the  all-transistor 
circuitry  of  the  501  consumes  only  7  watts  of 
power. 

For  compiefe  speciflcaflons 
send  for  our  Uh&irafed  cofoiog. 

VANGUARD      LABS 

196-23   Jamaico   Ave.      Depf,   H      HoHis,    N.Y.   11423 


•  _.  ♦» 


1^<WT  'pnienM^  Su^^^fiUen. 


OFFERS 


A  COMPLETE  SELECTION  OF  ANTENNAS  AND 
BEAMS:  BOTH  FIXED  STATION  &  MOBILE,  PLUS 
ALL   ACCESSORIES  .  .  . 


HI-PAR      IHaMU 

'by  swan  ^'^ecjaiists 

QUADS         W2A0  BAIONS 

^.       WE  ALSO  HANDLE 
/%C4t€lO'  CRANK-UP  TOWERS 

CHECK    WITH    US    FOR    YOUR     REQUIREMENTS! 


WE     MAINTAIN     THE     LARGEST     STOCK     OF     USED 

EQUIPMENT    IN    THE    NORTHEAST 

WRITE    FOR    LATEST    COMPLETE    LIST 


va4tA 


R   O    BOX    312  CONCORD.    N    H 

FONE    603-?25-335S 


0330 1 


170  e  =  (F*H)t2*N/220000 
Run 

Anyvat         13:47        Wl  Wed   12/27/67 

FoHraii  for  Anfenna    Cost    vs.    Performance 


Freq 

Elem 

Hght 

Gain 

Cost 

7 

3 

100 

8 

1741 

14 

1 

100 

9 

47  r 

2r 

1 

70 

9 

228 

28 

1 

54 

10 

137 

Af  line  No.  310:  Stop  End,  Ran  72/6  Sec. 

180  S  =  (F*H}t2*N/220000 
Run 

ANTCST         13:41         WI   WED    12/27/67 
Best  Antenna   Sain  for   Fixed   Cost 


Freq 

Elem 

Hght 

Gain        Cost        Max$ 

7 

24 

—  8         291           300 

7 

36 

—  5         394          400 

7 

48 

—  2         497          500 

7 

60 

0         600          600 

14 

60 

5         300          300 

14 

82 

7         394          400 

(4 

100 

9        47 1          500 

14 

2 

84 

10         594          600 

21 

1 

94 

12        297          300 

21 

2 

84 

14        396         400 

21 

3 

82 

15        491          SOO 

21 

3 

100 

[7        580         600 

28 

2 

84 

16        297         300 

28 

3 

90 

19         398         400 

28 

4 

96 

20         497          500 

28 

5 

100 

22         586          600 

ine  No. 

310: 

Stop  End, 

Ran   182/6  Sec. 

.  . .  WA4WWM 

iVUMvH- 


1" 


BLUE  ^  DOT 

FLrCTnONIC    t-ABORA.TORY 


'^SHUCKS.^THAT  LITTLE  OU  500  OHM  RESISTOR  AIN^T 
ENOUGH  TO  BY-PASS  ANY  EXCESS  CURRENT.*' 


I 


I 


I 


I 


MODEL  4BTV 
$32.38 


FIXED  STATION 
TRAP  VERTICAL 

ANTENNAS 


THE  ENTIRE  BAND-BOTH  CW  AND 
PHONE  WITH  ONE  TUNING  ADJUSTMENT! 

10-15-20-40  METERS 

Only  from  HUSTLER  will  you  receive  the 
mechanical  and  electrical  performance  you  want 
in  a  4  Band  Trap  Vertical.  Make  the  com- 
parison and  see  for  yourself. 

Look  what  you  get  with  Hustle rl 

•  Individually  and  precisely  tuned  traps! 

•  Lowest  SWR  and  Widest  Band  width! 

•  Outstanding  mechanical  construction! 

•  Heavy  gauge  heat  treated  aluminum! 

•  Stainless  and  cadimum  plated  steel  parts! 

•  Base  impedance  nominal  52  ohms! 

m  WHOLE  BAND  OPERATION  WITHOUT 
READJUSTMENT! 

FOR  75-80  METER  OPERATION  ADD  HUSTLER  MOBILE  RM  75 
OR  RM  75S  RESONATOR  ON  TOP  OF  4BTV.  BAND  WIDTH  60  TO 
100  KG , , .  UNDER  2  TO  1  SWR 


See  your 
distributor  or 
write  for 
new  catalog 


3455  Vega  Avenue 
Cleveland.  Ohio  44113 
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A  Primer  of  Bask  Antenna  Theory 


Robert  L  Nelson  K6Z©9/5 
100  Morning  Valley  Dr. 
San    Antonio,   Texas    78227 


Antennas  are  a  very  popular  subject 
among  radio  amateurs  today,  as  they  have 
been  almost  from  the  beginning  of  radio 
science.  In  fact^  of  all  the  pieces  of  equip- 
ment an  amateur  owns  the  one  he  probably 
spends  the  most  time  talking  about,  both  on 
and  oflF  the  air,  is  his  antenna.  There  are 
at  least  two  good  reasons  for  this.  First, 
the  antennas  themselves  are  prett\^  simple, 
at  least  from  the  standpoint  of  'circuitry. 
They  contain  no  transistors  or  vacuum  tubes 
or  other  amplifying,  oscillating,  modulating 
or  detecting  devices,  the  exact  operations 
of  which  are  difficult  to  comprehend* 
Antennas  are  usually  simply  pieces  of  wire 
or  tubing  with  perhaps  a  transformer 
thrown  in  for  impedance  matching.  Thus, 
they  are  at  least  easy  to  visualize- 

The  second  reason  for  the  great  deal  of 
attention  antennas  get  is  their  perfoiinance* 
Every  ham  who  has  been  around  very  long 
knows  that  there  is  no  easier  way  to  improve 
his  station's  capabilities  than  to  improve  his 
antenna.  When  a  significant  change  for  the 
better  is  made  in  the  antenna,  the  improve- 
ment in  the  station's  ability  to  communicate 
is  immediately  apparent,  on  both  transmis- 
sion and  reception.  Seven  hundred  dollars 
fthe  usual  price  of  a  storebought  kilowatt 
amplifier  these  days)  spent  on  an  antenna 
installation  w^ill  do  worlds  more  good  for 
the  amateur  than  will  a  similar  amount 
spent  on  a  big  "pair  of  shoes"  for  the 
exciter. 

Also,  antennas  are  popular  because  they 
are  easier  to  homebrew  than  most  pieces 
of  equipment^  and  easier  to  make  operate 
properly  after  their  construction. 

Thus,  the  antenna  deserves  its  popularity. 
And  if  this  is  so,  then  the  simple  theory 
behind  the  antenna  deserves  to  be  under- 
stood by  us  all.  So,  the  reason  for  this 
article.  These  few  pages  will  discuss  the 
very    simple    theory    of    antenna    gain,    effi- 


ciency, capture  area  and  effective  height. 
These  are  subjects  of  which  very  few 
amateurs  seem  to  have  a  good  grasp  today. 
Much  is  heard  about  antenna  "gain" 
especially,  but  few  seem  to  have  an  exact 
understanding  of  what  they  are  speaking 
about.  Perhaps  this  article  wiU  help  to  clear 
up  a  little  of  the  confusion. 

Antenna  recrproci+y 

An  antenna  can  basically  be  thought  of 
as  a  device  for  converting  energy  from  one 
form  to  another.  When  an  electromagnetic 
(EM)  wave  strikes  an  antenna  we  find  that 
electrical  power  is  available  at  its  terminals. 
On  the  other  hand,  when  we  apply  elec- 
trical power  to  the  terminals  of  the  antenna, 
we  find  that  an  EM  wave  is  radiated  by 
the  antenna.  Thus,  the  antenna  is  capable 
of  converting  electrical  energy  to  EM 
energy,  and  EM  energy  to  electrical  energy. 
This  property  of  working  both  "backward 
and  forward"  is  called  "reciprocity"  and  is 
characteristic  of  anteimas* 

Now^  because  the  antenna  is  only  a  go- 
betvveen  for  conversion  of  electrical  to  EM 
energs^  and  vice-versa,  a  complete  under- 
standing of  even  basic  antenna  theor\^  can- 
not be  had  without  also  obtaining  some 
basic  knowledge  about  EM  fields,  and  elec- 
trical circuits  as  applied  to  antennas.  Con- 
sequently, in  this  article  w^e  shall  first  dis- 
cuss some  things  about  EM  fields  before 
turning  to  antennas  themselves.  Later  we 
will   discuss  basic   antenna   circuitry. 

Electromagnetic  fields 

Most  of  us  realize  that  it  is  EM  fields 
or  ''waves"  that  provide  the  invisible  link 
between  transmitting  and  receiving  stations 
in  a  radio  conamunications  system.  But  the 
fact  is  that  no  one,  even  the  professionals, 
knows  just  what   an   EM   field  is* 

For    several    thousand    years    men    have 
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knowTi  that,  after  being  rubbed,  certain 
substances,  amber  for  instance,  would 
attract  other  bodies.  This  was  a  form  of 
action  at  a  distance,  and  came  to  be  called 
"electric"  attraction.  Other  substances,  such 
as  lodestone,  could  also  attract  matter  at  a 
distance,  but  did  not  require  rubbing.  This 
sort  of  attraction  became  known  as  "mag- 
netic" to  differentiate  it  from  electric 
attraction  from  which  it  appeared  to  be 
difiFerent.  These  sorts  of  attraction  remained 
a  puzzle  for  thousands  of  years  and  to  some 
degree  are  still  puzzling.  But  thanks  to  the 
work  of  James  Clerk  Maxwell,  engineers 
and  physicists  today  have  a  mathematical 
grip  J  at  least,  on  the  elusive  phenomenon 
of  electromagnetism.  Maxwell's  theoretical 
w^ork  showed  that  there  was  a  verv  definite 
relationship  between  electric  and  magnetic 
fields,  and  that  tiey  were  really  parts  of  the 
same  natural  phenomenon.  Eventually  he 
was  able  to  express  the  relationship  beUveen 
the  electric  and  magnetic  fields  as  a  set 
of  two  mathematical  expressions  which  have 
come  to  be  known  as  ^'Maxwell's  Equations/' 
These  equations  have  been  the  foundation 
upon  which  most  all  mathematical  EM 
theory  has  been  built  since* 

The  Traveling  wave 

As  far  as  radio  systems  are  concerned 
the  most  significant  feature  of  EM  fields 
is  their  ability  to  move,  that  is,  to  transport 
energy  from  one  place  to  another.  These 
fields  are  called  ^'traveling  waves"  and  are 
composed  of  two  components,  an  electric 
field  component  and  a  magnetic  field  com- 
ponent. If  a  person  were  able  to  stand  in 
one  place  and  watch  an  EM  wave  pass  by 
he  w^ould  see  the  energy  in  the  wave 
alternately  in  the  electric  and  magnetic 
form.  Actually^  the  transformation  of  the 
energy  from  one  form  to  the  other  is  grad- 
ual (sinusoidal)  and  is  complete  only  at  an 
instant  each  cycle. 

The  speed  with  which  the  transformation 
of  the  energy  takes  place  is  known  as  the 
frequency  of  the  wave.  For  example,  if  the 
transformation  from  electric  to  magnetic 
and  back  to  electric  (one  complete  cycle) 
takes  place  once  every  milliouth  of  a  second, 
the  frequency  of  the  wave  is  1,000^000 
cycles  per  second,  or  one  megahertz. 

Eleetrnmagnetic  energy  in  the  form  of  a 
traveling  wave  moves  at  a  tremendous  rate 
of  speed,  about  300,000,000  meters  per 
second.    The    wavelength    of    a    particular 


moving  EM  field  is  the  distance  the  wave 
moves  during  one  cycle.  For  our  one 
megahertz  w^ave  above  it  is  300,000,000 
divided  by  1,000,000  or  300  meters.  This 
relationship  bet\veen  frequency  and  wave- 
length can  be  expressed  algebraically: 

(1)     c  =  f\, 


w^here:     C  = 

f  = 


speed  of  light 
300  million  meters/second 
frequency.  Hertz 
wavelength,  meters. 


Power  density 

If  you  drop  a  stone  in  a  quiet  pond,  small 
waves  wiU  radiate  away  from  the  point 
where  the  stone  struck  the  water.  Each 
wave  will  have  a  circular  form  around  the 
starting  point,  and  \\ill  move  away  from 
the  source.  Thus  we  can  say  that  the  waves 
have  a  circular  wavefront, 

Now^  if  we  \asualiza  a  "point  source"  of 
EM  energy  situated  in  space  it  is  easy  to 
imagine  that  EM  waves  wall  radiate  away 
from  the  source,  and  form  a  spherical  wave- 
front.  The  surface  area  of  this  spherical 
wavefront  vrfll  of  course  depend  on  its  dis- 
tance from  the  point  source.  From  high- 
school  geometry  w^e  remember  that: 


where:      S   = 


TT 

r 


S    =    47ri^, 

surface  area  of  sphere,  me- 

ters  (m') 

3.14 

radius  of  sphere,  meters. 


Then  if  the  point  source  were  to  radiate 
a  certain  amount  of  energy  every  second 
(i.e.,  power),  the  EM  power  would  be  dis- 
tributed over  an  ever  increasing  surface  area 
as  a  particular  wave  radiated  away  from 
the  source.  Notice  that  the  total  power  is  not 
diminished,  it  is  just  spread  over  a  greater 
and  greater  area  as  we  move  further  and 
further  from  the  source. 

The  amount  of  electromagnetic  power 
contained  in  a  unit  of  surface  area  on  the 
wave  front  is  termed  the  *  power  density" 
of  the  EM  wave,  and  depends  on  the  dis- 
tance from  the  source: 


(2)     D  = 


47rr 


2  » 


w^here:     D  =  power  density,  watts /m* 

P  =  radiated  power,  watts. 


MAY  1968 


41 


Thus  we  see  that  as  the  wavefront  moves 
away  from  the  source^  the  power  density 
decreases  with  the  square  of  the  distance 
from  the  source.  This  decrease  of  power 
density  is  termed  **spherical  divergence**.  It 
means  that  the  EM  wave  is  diverging  or 
spreading  out  as  it  moves  away  from  its 
origin. 

As  we  can  see  from  the  above^  a  very 
convenient  way  of  measuring  the  amplitude 
of  an  EM  field  is  to  meastire  its  power 
density.  Power  density  is  today  one  of  the 
most  commonly  used  measures  of  EM  field 
magnitude. 

Field  strength 

We  mentioned  above  that  the  EM  field 
is  made  up  of  two  components— the  elec- 
ti^ic  field  and  the  magnetic  field.  Since  the 
EM  field  is  capable  of  transmitting  power 
from  one  place  to  another  it  seems  reason- 
able that  the  power  must  be  embodied  in 
the  two  field  components,  and  indeed  this 
is  the  case.  Thus  if  we  were  to  increase 
the  power  level  (and  consequently  the 
power  density),  there  would  necessarily  be 
a  corresponding  increase  in  the  strength  of 
the  electric  and  magnetic  field  components. 

The  mathematics  which  governs  the  rela- 
tion between  the  power  density,  electric 
field  strength  and  magnetic  field  strength 
is  quite  simple; 

(3)     D  =  EH, 


where:     E   = 


H  = 


electric  field  strength, 

volts /meter 
magnetic   field   strength, 

amperes /meter. 


This  equation  holds  so  long  as  the  point 
of  measurement  is  at  least  a  few  wave- 
lengths from  the  transmitting  source,  which 
is  a  reasonable  assumption  in  radio  systems. 
There  is  also  a  very  simple  relation 
between  the  electiic  and  magnetic  field 
strengths: 

(4)     E  =  Z.H, 

where:     Zi   =  intrinsic  impedance  of 

space 
=  377  ohms^ 

You  have  probably  noticed  the  similarity 
betM^een  Ohm's  Law  and  Equation  (4) 
above.  Now  if  we  combine  Equations  (3) 
and  (4),  we  obtain  two  other  simple 
expressions  for  EM  power   density: 


(5)  D  =  — ,  and 

(6)  D  =  377HP. 

Summary 

We  have  now  discussed  the  very  basic 
elements  of  EM  theory  necessary  to  an 
understanding  of  antennas.  The  concepts  of 
point  sources,  electric  and  magnetic  fields, 
frequency,  wavelength,  power  density  and 
field  strength  have  been  explained.  Power 
density  and  electric  and  magnetic  field 
strength  are  particularly  important  to 
understand,  because  they  are  what  we 
measure  in  order  to  determine  the  ampli- 
tude of  an  EM  field.  Making  a  measurement 
of  either  D,  E  or  H  is  equivalent  to 
specifying  all  three,  because  they  are  all 
simply  related  by  Equations  (3)  to  (6),  We 
are  now  ready  to  push  on  to  antennas  them- 
selves. 

We  mentioned  before  that  an  antenna 
was  a  reciprocal  device—that  it  worked 
both  forward  and  backward.  This  means 
that  the  theory  for  both  transmitting  and 
receiving  antennas  must  be  identicaL  Thus 
it  is  only  necessary  to  discuss  one  type, 
either  transmitting  or  receiving,  and  the  con- 
clusions will  be  found  to  hold  for  both.  For 
the  purposes  of  this  article  we  will  discuss 
the  antenna  from  the  transmitting  point  of 
view,  because  it  is  easiest  to  visual ze*  Later 
we  will  have  some  comments  about  the  re- 
ceiving antenna. 

Antenna   equivalent  circuit 

When  an  antenna  is  attached  to  the 
output  terminals  of  a  transmitter,  power 
flows  from  the  transmitter  output  to  the 
antenna  and  is  radiated  eleetromagnetically. 
The  antenna  loads  the  transmitter,  the 
same  as  an  impedance  would.  Thus  the  an- 
tenna could  be  represented,  as  far  as  the 
transmitter  is  concerned,  by  an  impedance. 
Almost  always  the  antenna  is  timed  to  res- 
onance (or  nearly  so)  at  the  operating  fre- 
quency, so  that  the  impedance  it  presents 
to  the  transmitter  is  purely  resistive.  Then 
the  input  impedance  of  the  antenna  is 
purely  resistive,  and  the  antenna  could  be 
represented  by  the  simple  equivalent  cir- 
cuit of  Fig.  1. 

In  Fig.  1,  R  is  a  resistance  equal  in  value 
to  the  antenna  input  impedance.  The  trans- 
mitter knows  not  whether  an  antenna  of 
input  impedance  R,  or  a  simple  resistor  of 
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ANTENNA 


Fig.   f.  Simplest  antenna 
equivalent  circuit. 


R   ohms   is   connected   to   its    output   teraii- 
nals» 

Radtation  efficiency 

Actually  in  a  practical  antemia  not  all 
of  its  input  power  is  radiated  as  EM  signal 
energy.  Some  is  also  radiated  as  heat,  due 
to  losses  in  the  antenna  structure.  (Heat 
is  just  another  form  of  EM  energy.  It  is  "in- 
coherent" and  at  an  extremely  high  fre* 
quency,)  Losses  in  an  antenna  structure  stem 
from  several  sources:  dielectric  losses  in 
supporting  insulators,  resistive  losses  in  the 
antenna  system  conductors,  losses  due  to  leak- 
age currents  over  insulators,  losses  due  to  cur- 
rents induced  in  nearby  conductors  and  the 
ground,  and  corona  loss.  These  losses  can 
be  minimized  by  proper  design  and  loca- 
tion of  the  antenna. 

In  order  to  represent  the  splitting  of  the 
antenna  input  power  into  two  parts,  we 
split  R  into  two  parts  and  represent  the 
antenna  as  in  Fig-  2.  Here  Rr  represents 
the  portion  of  the  input  power  that  is  ra- 
diated as  useful  signal  power,  and  is  called  the 
"radiation  resistance'',  Ri  represents  that 
portion  of  input  power  which  is  lost  as  heat, 
and  is  called  the  "loss  resistance'*. 

In   order   for   an   antenna    to   be    a   good 


Rg.  2.  Antenna  equivalent  circuity 
inducing  effect  of  losses*  R,-  is  the 
radiation  resistance,  Ri  the  loss  r#- 
siitance. 


Rl 


radiator,  it  should  have  very  low  R^  in 
relation  to  Rj.,  or  in  other  words,  by  far 
the  greatest  portion  of  antenna  input  power 
should  be  radiated  as  useful  signal  The 
"radiation  efficiency"  of  an  antenna  is  ex- 
pressed mathematically  like  this: 


(7) 


V    = 


R  r     -f-     R 

R^^ 


where: 


Rr 

Ri 


radiation  efficiency 
radiation    resistance, 
loss  resistance,  ohms 


ohms 


If  we  desire  to  maximize  this  radiation  ef- 
ficiency, w^e  want  R^  to  be   small  in  com- 


parison to  Rf,  In  the  extreme  case  of  a 
perfect  radiator,  Rx  would  be  zero  and 
then  ^  w^ould  be  equal  to  1,  or  100^. 
When  Ri  increases  from   zero  the  efficien- 

and    if   Rj   should    equal   R^,   for 
then    7}    would    be    only    Jl,    or 


cy   drops, 

example, 

50%. 


The  Isofropic  antenna 

An  isoti'opic  antenna  is  one  which  radi- 
ates equally  well  in  aU  directions.  It  is  sim- 
ilar to  the  point  source  which  we  discussed 
before.  Such  an  antenna  is  a  convenient 
reference  to  use  for  measuring  the  *'gain*' 
of  another  antemia,  aldiough  in  reaUty  there 
is  no  antenna  which  is  truly  isotropic. 

Antenna  gain 

When  discussing  the  "gain"  of  an  antenna, 
it  should  be  emphasized  that  there  are  two 
kinds  of  gain-^power  gain  and  directive 
gain  (sometimes  called  directivity).  The 
two  are  related  by  a  simple  expression 
which  includes  radiation  efiBciencv: 

(8)     Gy  =  V  Gd, 

w^here:     Gp  ^=  antenna  pow*er  gain 

Gil  =  antenna  directive  gain. 

Suppose,  for  example,  that  an  antenna 
with  a  radiation  efficiency  of  50%  had  a 
directive  gain  of  4  (6  db).  Using  Equation 
(8)  then,  power  gain  would  be  %  times 
4,  or  2  (3  db).  But  what  do  these  terms 
power  gain  and  directive  gain  mean? 

Any  antenna  which  is  not  isotropic  has 
some  directive  gain.  The  directive  gain  is 
only  a  measure  of  the  ability  of  the  antenna 
to  radiate  in  one  direction  to  the  exclusion 
of  others.  In  other  w^ords,  directive  gain  is 
a  measure  of  the  shape  of  the  "radiation 
pattern"  of  an  antenna,  as  compared  with 
the  circular  shape  of  the  radiation  pattern 
of  an  isoti'opic  antenna- 
Power  gain,  on  the  other  hand,  includes 
not  only  the  shape  of  the  radiation  pattern, 
but  also  the  size  of  the  pattern,  or,  in 
other  words,  it  measures  how  effectively 
the  antenna  radiates  in  a  particular  direc- 
tion. 

An  example  should  serve  to  make  the 
above  concepts  clear.  In  Fig,  3  we  have 
the  radiation  patterns  (in  two  dimensions) 
of  three  antennas— a  100%  efficient  iso- 
tropic antenna  (antenna  A),  and  two  di- 
rective arrays,  each  with  a  directive  gain 
of  4,   One  of  the   directive   arrays,   antenna 
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Rg.    3.    Radiation    patterns    of    three    antennas,    one 

isotropic. 

Bj  has  a  radiation  efficiency  of  ICM)^,  and 
the  other,  antenna  C,  an  17  of  only  25%, 
Notice  that  the  shape  of  the  patterns  of  an- 
tennas B  and  C  is  the  samej  only  the  size  is 
difiFerent,  Also  note  that  in  the  favored  direc- 
tion,  antenna  C  is  no  more  efiFective  a  radia- 
tor than  the  isotropic.  Nonetheless  it  has  di- 
rective gain,  due  to  its  ahility  to  radiate 
better  in  the  favored  direction  than  in  others. 
Antenna  B,  on  the  other  hand,  has  the 
same  directive  gain  as  antenna  C,  since  the 
shape  of  its  radiation  pattern  is  the  same. 
But  its  efficiency  is  four  times  greater^  and 
thus,  as  shown  in  the  diagram,  is  a  much 
more  effective  radiator  in  the  favored  di- 
rection. 

The  power   gain   of  antenna   B   is,   from 
Equation  (8): 

Gp  (antenna  B)  =  ??  Gd  =  1  x  4  =  4  (6  db). 

For  antenna  C,  the  power  gain  is: 

Cp  (antenna  C)  =  M  x  4  =  1  (0  db). 

The    Gp,     Gfl    and    7;    for    the    three    an- 
tennas is  sununarized  in  Fig.  4. 
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Fig.  4.  A  summarization  of  the  power  gain,  direc- 
tive gain  and  radiation  efficiency  for  the  antennas 
of  Fig.  3. 

Power  gain  can  also  be  thought  of  as 
the  power  density  of  the  EM  wave  radiated 
by  a  directive  antenna  in  its  favored  di- 
rection, di\ided  by  the  power  density  ra- 
diated by  a  100%  efficient  isotropic  anten- 
na in  the  same  direction.  In  Fig.  3  antenna 
B  gives  twice  as  much  field  strength  in  the 
desired  direction  than  does  the  isotropic 
antenna.    And    since    power    density,    from 
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Equation  (5),  is  proportional  to  field 
strength  squared,  it  gives  four  times  as  mucli 
power  density.  Thus  its  power  gain  is  4. 
Antenna  C,  on  titie  other  hand,  gives  iden- 
tically the  same  field  strength,  and  there- 
fore power  density,  as  the  isotropic,  and 
thus  its  power  gain  is  L  From  this  it  can 
be  seen  that  power  gain  can  be  determined 
from  an  antenna*s  radiation  pattern. 

At  this  point  let's  look  at  a  practical  ex- 
ample of  power  gain  versus  directive  gain. 
A  three-element  yagi,  optimally  designed 
and  adjusted,  has  a  maximum  directive  gain 
of  about  11.7  (107  db).  However,  if  load- 
ing coils  or  traps  are  added  to  the  elements 
to  decrease  their  size,  or  provide  for  auto- 
matic bandswitching,  the  efficiency  is  de- 
creased due  to  losses  in  the  wire  from  which 
the  coils  are  wound*  If  the  efBciency  is  de- 
creased to  as  Httle  as  80%  (not  an  un- 
realistic figure  in  the  case  of  tri-band  beams), 
tiie  power  gain  will  suffer  by  about  1  db. 
Of  course  this  small  price  has  been  paid 
for  added  flexibiUty  in  the  antenna  system. 

Normally  power  gain  and  directive  gain 
are  measured  with  respect  to  an  isotropic 
antenna,  as  we  have  done  in  the  examples 
above.  Historically  this  has  not  always 
been  the  case,  however.  In  the  earlier  days 
of  radio,  gain  was  most  often  measured  with 
respect  to  a  half-wave  dipole  antenna,  and 
this  is  still  done  today  in  the  amateur  ra- 
dio community.  The  gain  (either  power  or 
directive)  is  less  when  measured  with  re- 
spect to  a  dipole  than  with  respect  to  an 
isotropic,  because  a  dipole  itself  has  gain 
with  respect  to  an  isotropic  antenna.  A 
100^  efficient  dipole  antenna  has  a  power 
gain  of  1.64  (2J5  db)  with  respect  to  an 
isotropic.  Thus  to  convert  a  gain  figure 
measured  with  respect  to  a  dipole  to  that 
with  respect  to  an  isotropic,  the  figure 
should  be  multiplied  by  1.64. 

Which  gain  Is  Important? 

The  question  now  arises.  Which  gain, 
directive  or  power,  is  important  in  a  radio 
system?  In  the  transmitting  system,  power 
gain  is  the  most  meaningful  criterion  of 
antenna  eflFectiveness,  since  the  ultimate 
aim  is  to  radiate  in  the  direction  of  the 
receiving  station  an  EM  field  with  the 
greatest  power  density.  Power  gain  gives  a 
good  measure  here  because  it  includes  both 
directivity  and  radiation  efficiency, 

In  a  receiving  system,  the  important  type 
of  antenna  gain  depends  on  noise,  and  its 
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origin.  If  the  largest  portion  of  the  receiver 

output  noise  originates  in  the  receiver  it- 
self, power  gain  is  necessary  in  the  antenna. 
This  is  noiTnally  the  case  in  the  frequency 
range  above  about  30  MHz.  But  if  the  out- 
put noise  originates  external  to  the  receiv- 
ing system,  such  as  is  the  case  with  atmos- 
pheric noise  below  30  MHz,  then  only  di- 
rective gain  is  necessaiy  in  the  antenna* 
Normally  below  30  MHz  we  amateurs  use 
an  antenna  with  high  power  gain  for  both 
receiving  and  transmitting,  since  it  allows 
us  to  get  by  with  only  one  antenna.  When 
transmitting  the  power  gain  is  necessary  to 
system  effectiveness^  but  for  receiving  it  is 
not,  although  it  certainly  does  no  harm.  By 
sacrificing  efficiency  (which  we  don't  need 
anyway)  we  could  use  a  physically  much 
smaller  receiving  antemia,  though,  and  get 
equal  results.  At  least  one  manufacturer  is 
taking  advantage  of  this  principle  in  small 
receiving  antennas  being  built  for  the  com- 
mercial services. 

Summary 

Some  important  conclusions  can  now  be 
stated  from  our  study  of  antenna  gain.  First, 
when  speaking  of  antenna  ''gain"  two 
things  must  be  stated  for  clarity— the  type 
of  gain  referred  to,  power  or  directive,  and 
the  reference^  isotropic  or  dipole.  Second, 
high  radiation  efficiency,  while  always  de- 
sirable in  a  transmitting  antenna  is  not 
necessary  for  receiving  antennas  below 
30  MHz  where  the  large  majority  of  the 
receiver  output  noise  originates  outside  the 
antenna.  With  low  eflSciency  both  the  signal 
and  noise  are  reduced  proportionately  in 
the  antenna,  and  therefore  the  signal-to- 
noise  ratio  is  largely  unaflFected, 

Receiving  Antennas 

So  far  as  transmitting  antennas  are  con- 
cerned, we  have  now  covered  the  basics, 
but  for  receiving  antemias  we  have  more 
work  to  do.  While  the  antenna  parameters 
we  have  specified  and  described  above  for 
transmitting  antennas  are  also  adequate  for 
receiving  antennas,  two  other  unique  terms 
have  come  into  great  usage  to  describe  re- 
ceiving  antennas,  capture  area  and  effec- 
tive height 

Capture  Area 

When  using  an  antenna  for  receiving  pur- 
poses, it  is  usually  desirable  to  know  the 
amount  of  signal  power  available  from  the 
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antenna  output,  to  be  supplied  to  the  re- 
ceiver input.  From  the  power  density  of 
the  EM  field  of  the  signal  we  know  the 
amount  of  power  per  unit  area  in  the  field. 
If  we  knew  tlie  effective  capture  area  of 
the  receiving  antenna,  then,  we  could  find 
the  power  available  from  the  antenna 
siniply  by  multiplying  the  power  density  and 
capture  area  together.  Thus,  the  capture 
area  is  the  ratio  of  the  power  available  at 
the  antenna  terminals  to  the  power  density 
of  the  intercepted  EM  field.  Capture  area 
is  related  to  the  power  gain  of  the  antenna, 
and  the  wavelength  of  the  field  by: 


^  y  J'     x!l  - —  ijp  X 


4.7r 


where:     A  =  antenna  capture  area. 

Let's  take  a  simple  example.  Say  the  wave- 
length is  7,1  meters  and  Gj,  of  the  an- 
tenna  is  8  (9  db).  The  capture  area  then 

IS  8  X  ~ „  ,  ,    =  32  square  meters.  Then 

4  X  3,14 

if  the  power  density  of  the  EM  field  striking 
the  antenna  were  2  nanowatts  per  square 
meter,  the  power  available  at  the  antenna 
terminals  would  be  2  x  32  ^  64  nanowatts. 


Large  capture  area  is  essential  if  a  VHF 
antenna  is  to  be  highly  effective  for  receiv- 
ing purposes.  But  Equation  (9)  shows  that 
capture  area  decreases  with  the  square  of 
wavelength.  Therefore,  as  we  go  to  higher 
frequencies,  and  consequent  shorter  wave- 
lengths, power  gain  must  be  rapidly  in- 
creased if  we  are  to  maintain  a  respectable 
capture  area.  The  result  of  all  this  is  that 
highly  effective  VHF  antennas  are  just  as 
physically  large  as  those  for  the  lower  fre- 
quencies, despite  the  shorter  wavelengths. 
They  must  be  in  order  to  develop  the  pro- 
portionately higher  power  gains  necessary 
to  maintain  a  high  capture  area. 

Capture  area  is  coming  to  be  used  more 
and  more  today  as  a  measure  of  VHF  and 
UHF  receiving  antenna  effectiveness.  His- 
torically, however,  antenna  "effective 
height"  came  first,  and  we  wiH  explain  that 
next. 

Effect ive  height 

Back  in  the  days  when  regular  AM  broad- 
casting was  getting  its  start,  the  amphtude 
of  an  EM  field  was  most  often  specified  by 
its  electric  field  strength,  E,  Power  density 
was  very  seldom  used.  Consequently,  an  an- 
tenna "transfer  function'*  was  needed  which 
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was  based  on  field  strength  rather  than 
power  density.  The  term  settled  on  was 
"effective  height'*,  and  it  was  defined  in 
terms  of  the  voltage  measured  at  the  an- 
tenna terminals  with  no  load  connected 
across  those  terminals  (the  open-circuit 
voltage): 


(10) 


L  = 


antenna  open-circuit  terminal  voltage 
electric  field  strength,  E 


=  antenna  effective  height. 

This  choice  has  turned  out  to  be  a  bit 
ambiguous  for  two  reasons*  First,  for  a  given 
field  amplitude,  it  gives  only  the  voltage 
available  from  the  antenna,  Ths  is  ambig- 
uous for  a  given  antenna  because  it  depends 
on  where  the  antenna  is  fed.  If  the  feed 
terminals  of  a  dipole  antenna,  for  example, 
are  located  at  its  center  the  open-circuit 
voltage  is  much  lower  than  when  the  ter- 
minals are  located  a  good  deal  off  center. 
And  besides,  it  takes  power  to  drive  a  re- 
ceiver anyway* 

Second,  the  term  '^height"  has  proved  to 
be  unfortimate  because  it  implies  how  high 
the  antenna  is  above  ground,  which  con- 
notation is  purely  incidental.  A  much  better 
word  here  would  have  been  "length'*,  and 
indeed  it  is  now  coming  into  wide  usage. 

An  amateur  frequencies  and  higher,  an- 
tenna capture  area  is  gradually  replacing 
the  usage  of  effective  height,  especially 
among  professionals*  Its  usage  among  ama- 
teurs should  also  be  encouraged,  but  the 
old  term  is  still  hanging  on  wdth  real  te- 
nacitv. 

Conclusion 

This  article  should  have  given  you  a  basic 
insight  into  antenna  theory.  The  knowledge 
you  have  gained  will  enable  you  to  interpret 
antenna  literature  more  wisely,  and  this  in 
turn  will  mean  better  antennas  at  your  sta- 
tion for  the  dollars  you  have  to  spend. 

•  .  ,  K6ZGQ/5 
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Ever  since  our  last  hamfest,  in  1963,  every- 
one has  been  after  us  to  have  a  repeat 
performance.  The  editorial  in  February  ex- 
plained some  of  the  reasons  for  the  delay. 

This  year  we  are  going  to  do  it  again. 
July  4th  comes  on  Thursday  this  year,  so 
we  will  schedule  our  Hamfest  for  Satmday, 
July  6th.  We'll  try  to  have  lots  of  enter- 
tainment for  you  on  Saturday.  We'll  have 
more  details  on  this  later,  but  it  looks  as  if 
the  VHF  gang  will  have  a  chance  to  bring 
their  144  and  432  MHz  antennas  for  a 
measuring  contest  run  by  Leger  Labora- 
tories. I  expect  that  Andre  of  Vanguard  will 
be  up  here  with  all  of  his  latest  products; 
plus  many  other  73  advertisers. 

We'll  organize  an  auction  of  gear,  so  bring 
stuff  you  want  to  sell  and  lot's  of  money 
to  grab  the  bargains.  Last  time  thousands 
of  dollars  worth  of  gear  changed  hands  and 
Vm  afraid  the  buyers  got  some  incredible 
bargains. 

Saturda)  evening  I  will  show  some  of  the 
slides  of  my  DXpedition  to  those  interested 
in  seeing  some  pictures  of  weird  places. 

Early  Sunday  morning  we  will  fonn  a 
caravan  heading  north  into  the  White  Moun- 
tains, about  100  miles  away.  There  we  will 
visit  some  of  the  tourist  attractions  that  have 
made  New  Hampshire  the  most  visited 
tourist  state  in  the  East.  We  vnR  see  the 
famous  Old  Stone  Face,  the  great  New 
Hampshire  Man  of  the  Mountains.  We'll 
see  and  walk  up  through  the  Flume.  We'll 
take    the    tramway    to    the    top    of    Canon 
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Come  on  up 

July  6th  and  visit 

New  Hampshire 


Mountain  for  one  of  the  panoramas  of  a 
lifetime.  Well  see  the  beautiful  Old  Man's 
Foot  Basin.  We'U  stop  off  at  Clark's  Trading 
Post  and  see  and  hear  some  of  the  old  time 
music  boxes  and  see  the  trained  bears. 
We'll  visit  the  historic  Morse  Museimi  and, 
if  we  can  work  it  in,  climb  through  the 
caverns  of  Lost  River. 

New  York  is  just  a  Uttle  over  300  miles 
of  turnpike  driving  away,  so  those  that  have 
to  get  back  can  make  it  Sunday  evening. 
For  the  rest  we  can  drive  or  take  the  cog 
railway  to  the  top  of  Mount  Washington  on 
Monday  morning.  The  more  athletic  can 
start  from  the  cog  railway  station  at  the 
base  and  climb  the  mountain. 

This  will  be  an  outing  that  the  whole 
family  will  enjoy.  There  are  many  beautiful 
picnic  spots  near  Peterborough  and  we  show 
them  on  a  special  map  that  we  have  printed 
of  the  Monadnock  region  of  New  Hampshire. 
You  can  get  one  of  these  maps  when  you 
arrive  or  send  us  a  SASE  and  we  will  send 
you  one  right  away.  This  map  also  shows 
points   of  interest  in  this   aiea,   restaiu-ants, 

etc. 

Mobileers  will  want  to  try  their  luck  from 
the  top  of  Pack  Monadnock,  just  3.5  miles 
east  of  the  73  headquarters.  You  can  drive 
right  to  the  top  of  this  moimtain  and  get 
a  straight  shot  right  into  Boston  and  down 
to  New  York. 

At  any  rate,  if  you  can  get  away  for  a 
couple  of  days  or  so,  vi'hy  not  join  us  up  here 
at  73  for  a  couple  of  days  of  fun  and  sight- 
seeing around  New  Hampshire? 

...  W2NSD/1 
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Norman  B,  Watson  W6DL 

5501  Via  d©l  Valle 
Torrance,  California 


Triangular  Loop  Beam  7  thru  28  MHz 


IntroducfTon 

The  writer,  returning  to  amateur  com- 
munications after  thirty  years  away  from 
it,  found  antennas  a  source  of  interest.  Ac- 
cordingly, during  two  years  while  part  of 
spare  time  available  was  being  spent  in  ob- 
taining an  extra  class  hcense  and  building 
a  tilting  tower,  a  research  program  was  car- 
ried out  oriented  to  a  few  long- wire  antennas, 
such  as  the  rhombic,  and  to  beam  antennas. 
Calculations  and  literature  research  cover- 
ing log-periodic  dipoles  and  monopoles, 
helices  and  phased  arrays  together  with  ex- 
perimentation led  to  design  of  the  antenna 
described  herein.  This  antenna  incorporates 
on  a  28  foot  outrigger  boom^  four  triangular 
loop  elements  comprising  a  two-element 
beam  on  7  MHz  and  four-element  beams  on 
14,  21  and  28  MHz,  Apertures  and  gain  of 
a  number  of  element  configurations  are 
compared  and  experiments  with  square  and 
triangular  loops  are  covered. 


Antenna  design  criteria 

The  following  criteria  for  an  amateur 
antenna  were  traded  oflF  in  evolution  of  the 
triangular-loop-beam : 

•  Operation  on  7  thru  28  MHz  bands 

•  Rotary  beam  to  maximize  effectiveness 

•  3  to  5  dB  gain  on  7  MHz  and  8-9  dB 
gain  on  14,  21  and  28  MHz  as  com- 
pared to  a  dipole 

•  KW  power  capabiUty 

•  High  radiation  efficiency 

•  Withstand  83  mph  winds  coupled 
W'ith  ice  loads 

•  Turning  radius  of  17  feet  maximum 

•  Minimum  weight  and  cost  commen- 
surate with  design  capable  of  amateur 
construction. 

Loop  Beam  vs  Helix 

The  multiple  loop  beam  antenna  is  merely 
a  special  case  of  the  axial  mode  hehx  an- 
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tenna  in  which  the  helix  pitch  is  zero.  The 
other  extreme  of  the  helix  is  a  straight  wire, 
w^hen  the  helix  is  stretched  out  until  its 
diameter  becomes  zero.  The  multiple  loop 
parasitic  antenna  and  the  axial  mode  helix 
when  both  of  one  w^avelength  in  circumfer- 
ence exliibit  equivalent  gain  when  the  boom 
length  is  less  than  about  %  wavelength.  For 
longer  boom  lengths  the  helix  outperforms 
the    paras iticall)     driven    antenna.    For    the 

less   than  —  boom   length,    the    greatest   dif- 

ferences  apparent  between  the  two  antennas 
are  that  the  helix  has  a  bandw^idth  of  al- 
most 1,7  to  1  of  the  design  wavelength 
(much  broader  than  the  loop)  and  the  loop 
has   a  better  front  to  back  ratio   than   the 


The  helix  requires  a  ground  plane  of  0*8 
w^avelength  diameter  behind  it  to  be  really 
effective.  If  one  considers  use  of  the  hehx 
for  14  MHz  a  ground  plane  56  feet  in  di- 
ameter becomes  a  real  structural  problem 
for  the  amateur.  The  parasitic  loop  beam 
antenna  uses  a  reflecting  loop  instead  of 
the  ground  plane  and  is  somewhat  easier  to 
build. 

The  writer,  in  extrapolating  axial  mode 
helix  data  for  the  one-wave-length  pitch 
circumference  helices  and  comparing  it  with 
various  data  for  performance  of  parasitic 
beams,  concluded  that  a  four-element  para- 
sitic loop  antenna  using  loops  of  one-wave- 
length in  circumference  and  a  boom  length 
of  0.4  wavelength  should  turn  out  an  honest 
10,5  dB  gain  as  compared  to  an  isotropic 
radiator  or  about  8  dB  more  dian  a  dipole. 
A  boom  length  of  0,4  wavelength  at  14 
MHz  was  therefore  adopted  as  meeting  the 
design  criteria.  This  boom  length  is  0.2 
wavelength  at  7  MHz  and  is  satisfactory  for 
a  two-element  folded  dipole  beam  having  a 
gain  of  about  3  dB  over  a  dipole. 

Element  apertures,   gain  and 
radiation   resistance 

Many  amateurs  are  aware  that  the  gain 
of  an  antenna  is  proportional  to  its  "cap- 
ture area/'  (also  called  aperture,  intercept 
area,  or  cross  section).  Apertures  and  gain 
of  several  element  configurations  are  tabu- 
lated in  Table  1  together  with  radiation  re- 
sistance. In  comparing  antennas  or  antenna 
elements  it  is  well  to  bear  in  mind  that  as 
the  radiation  resistance  of  the  antenna  in- 
creases,  the  power  radiated  to  a  distant 
point  as  opposed  to  the  power  stored  as  a 


space  charge  around  the  antenna  increases. 
If  one  were  to  select  a  beam  antenna  ele- 
ment from  orJv  the  data  of  Table  1,  the  132 
wavelength  loop  would  be  the  logical 
choice;  however,  the  1?2  wavelength  loop  for 
14  MHz  on  a  28  foot  boom  requires  a  clear 
turning  area  of  23  feet  which  is  more  space 
than  many  of  us  have  available.  The  tmrn- 
ing  radius  criteria  of  17  feet  incidentally 
resulted  from  consideration  of  space  avail- 
able on  an  average  metropolitan  area  lot 
to  swing  a  beam  without  invading  neighbor- 
ing air  space  or  encountering  obstructions 
when  working  with  it  on  the  tower. 


Square  vs  triangular  loop 

The  question  arises:  How  do  the  triangu- 
lar and  square  loops  compare  in  perform- 
ance? Table  1  shows  that  the  triangular 
loop  of  one  wavelength  periphery  has  96,5 
per  cent  the  gain  of  the  square  loop.  Com- 
pmison  of  the  patterns  and  gain  of  the  two 
loops  on  near  and  DX  signal  reception 
over  a  six  month  period  of  time  revealed 
the  following  information.  The  triangular 
loop  when  oriented  with  one  triangle  apex 
down  and  fed  at  the  lower  apex  (horizontal 
polarization)  has  two  major  lobes  concentric 
with  the  loop  axis  in  the  horizontal  plane 
and  broadside  to  the  loop  plane.  Since  it 
is  a  single  loop,  it  radiated  in  two  directions 
hke  a  dipole  and  it  has  two  main  lobes  in 
each  of  these  directions  about  20''  off  the 
loop  axis.  When  oriented  with  one  apex 
of  the  loop-up  and  fed  either  at  the  top 
apex  or  the  center  of  the  lower  horizontal 
leg  of  the  triangle  (horizontal  polarization) 
one  broad  lobe  can  be  detected  at  right 
angles  to  the  loop  plane  in  two  directions. 
This  pattern  is  similar  to  a  dipole. 

The  square  loop  (horizontally  polarized) 
exhibited  two  lobes  in  the  horizontal  pat- 
tern about  like  the  triangular  loop  oriented 
with  one  apex  down.  Los  Angeles  stations 
about  10  miles  away  could  be  completely 
nuUed  with  either  the  single,  square  or  tri- 
angular loop,  although  the  triangular  loop 
seems  to  be  shghtly  better  than  the  square 
loop  in  front  to  side  ratio  and  also  slightly 
broader  in  pattern  than  the  square  loop. 
One  other  point  of  interest  was  noticed  and 
that  is  that  the  triangular  loop  is  better 
than  the  square  loop  on  QSB  when  oriented 
with  one  apex  straight  up. 

The  diamond  configuration  square  loop 
and  the  tiiangular  loop  were  also  mounted 
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on  a  tilting  fixture  and  gain  was  measured 
at  various  angles  of  inclination  of  the  plane 
of  tlie  loop  to  the  vertical  The  tilting  op- 
eration  originated  from  a  desire  to  see  if  the 
one  wavelength  diamond  loop  really  acted 
like  a  rhombic  as  has  been  hypothesised  in 
some  diamond  quad  articles.  It  does  not 
from  the  author's  measurements.  The  ejffect 
of  tilting  up  or  down  from  an  initial  posi- 
tion with  the  loop  vertical  is  to  decrease  the 
low  angle  radiation  of  the  antenna  because 
the  horizontally  radiating  aperture  is  de- 
creased. Also,  the  one  wavelength  diamond 
loop  is  not  a  uniform  traveling  wave  an- 
tenna like  the  rhombic  or  the  helix;  it  is 
simply  a  resonant^  standing  wave  radiator 
and  its  gain  over  a  dipole  results  from  the 
larger  aperture  of  the  one- wavelength  of 
wire   (see  Table  1). 

Wind  loads 

The  primarv^  structural  load  on  the  multi- 
loop beam  is  %vind  force.  For  practical  de- 
sign purposes  the  wind  force  on  an  an- 
tenna or  tower  is  given  by: 


F  =    (pyc^  A/391 

Where;     F  =  wind    force    on    structure 

in  lbs 
y  =  wind  speed  in  mph 
=  drag     coeflBcient     which 
should  be  taken  as  1,7  for 
amateur  antennas  or  tow- 


ers 


A  = 


Area  in  square  feet  of  an- 
tenna in  a  vertical  plane 
(that  is  at  riglit  angles  to 
a  horizontal  wind  force) 

Using  an  85  mph  wdnd  criteria  for  the  an- 
tenna yields  a  force  per  square  foot  of  ver- 
tically disposed  antenna  area  of: 

F  =  (S5)«  (1.7)   (1)  /  391  =  3L5  #/sq.  ft. 

Wind  loads  for  various  wind  velocities  are 
tabulated  on  Table  6. 
Antenna  boom  design 

Three  commonly  used  designs  for  beam 
antenna  booms  are  (in  their  order  of  in- 
creasing complexity  of  construction);  (1) 
the    self    supporting    type    fabricated    from 
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TABLE  I 
ANTENNA   PARAMETERS 


Antenna   Element 

Effective 
Aperture 
(Square 

Wavelengths) 

Oirecfivtty 

Gain  Over 

Uolropie 

Source 

(DB.) 

Radiation 

Resistance 

(ohms) 

sotropic  Source 

0.08 

1.0 

0 

1/2  Wavelength   Linear 

0.13 

1.64 

2.15 

73 

1   Wavelength   Linear 

0.142 

1.8 

2.55 

93 

M/2  Wavelenqth   Linear 

0.1  S8 

2.0 

3.0 

106 

1/2  Wavelenqth    (Open   Endf 
Folded  Triangularly 

0.126 

1.59 

2.0 

75 

1   Wavelength  Triangular 
Loop 

0.145 

1.83 

2.63 

!40 

M/2  Wavelength    (Open    End) 
Folded  Triangularly 

0.2 

2.51 

4.0 

no 

I    Wavelength  Square  Loop 

0.147 

1.86 

2.7 

140 

*  Directivity  =   Maximum  effective  aperture  divided    by  maximum  effective  aperture  of  Isotropic  source.  An 
isotropic  source  Is  one  w'hich  radiates  power  equally   in  all  directions. 


6061-TB  aluminum  or  mild  steel  tubing-  (2) 
tubing  strengthened  with  outrigger  tension 
members  consisting  of  solid  rod,  steel  cable 
or  nylon  rope  and  (3)  the  truss.  As  an  ax- 
ample  of  strength  of  the  tubing  boom  and 
of  the  wind  forces  which  are  exerted  on 
the  loop  antenna,  a  two-element  quad  on  a 
10  foot  boom  of  1,5  diameter  x  0.058  wall 
steel  tubing  is  stressed  to  the  bending  point 
of  the  material  (elastic  limit )  in  a  steady 
state  wind  of  60  mph   (calculated). 

In  section  3.0  it  was  stated  that  a  0,4 
wavelength  long  boom  is  required  for  a 
four-element  loop  antenna  to  achieve  the 
8.0  dB  gain  stated  in  the  design  criteria  of 
section  2.0,  At  14  MHz  the  0*4  wavelength 
is  28  feet  Applying  the  wind  load  of  31.5 
Ibs/sq  ft  for  an  83  mph  wind  to  design  of  a 
28  foot  long  steel  tubing  boom  to  support 
four  square  loops  reveals  that  a  4  inch  O.D, 
X  0.134  w^all  is  required  and  that  the  an- 
tenna will  weigh  190  lbs.  While  the  tubing 
boom  is  simple  to  construct,  190  lbs  weight 
is  excessive  for  many  towers,  including  the 
author^s  home  brew  tilting  tower.  Truss 
construction  is  attractive  as  a  means  of  re- 
ducing weight  because  the  truss  places  di- 
rect axial  tension  and  compression  loads  on 
the  framework  members  (elimination  of 
bending  loads)  and  thereby  achieves  a  max- 
imum strength  to  weight  ratio.  If  one  uses 
the  triangular  loop  to  decrease  loop  weight 
by  25  per  cent  over  a  square  loop  and  loop 


wdnd  forces  by  30  per  cent  over  a  square 
loop,  a  structure  such  as  sho\^Ta  in  Fig,  1 
is  required  for  a  28  foot  boom.  The  com- 
plete antenna  weighs  65  lbs.  using  this 
truss.  The  Fig.  1  structure  was  built  by 
the  author  for  this  antenna  as  a  first  ap- 
proach. It  required  70  hours  to  build  the 
boom  which  was  forthwith  completely 
ruined  by  the  galvanizer  when  handled 
with  a  bmidle  of  heavy  tower  sections.  Time 
was  not  immediately  available  to  make  a 
second  truss,  therefore^  the  outrigger  con- 
struction was  utilized  at  a  sacrifice  in  boom 
w^eight.  The  design  shown  in  Fig.  2  uses 
three  outriggers  attached  to  the  boom  three 
feet  from  the  end  so  that  the  boom  carries 
a  combined  bending  and  column  (compres- 
sion) load.  This  boom  required  30  hours  to 
build  and  the  resultant  antenna  weighs  77 
lbs.  It  is  designed  for  85  mph  wind  loads 
and  an  80  lb  total  ice  load. 

Element  spacing  trade-offs 

Any  multi-band  beam  represents  a  com- 
promise between  element  spacings  for  the 
various  bands  in  terms  of  antenna  gain  and 
bandwidth.  The  basic  trade-off  factors  are 
as  foUows; 

•  An  element  spacing  of  0.12  yields 
maximum  gain  for  up  to  three  ele- 
ments on  the  beam, 

•  With  a  fourth  element  added  a  spac- 
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TABLE  2 
ELEMENT  SPACING 


Spacing  "for 

Maximum 

Gain 

(Wavelenqths) 

7.15  MHZ 
X  =    137.5' 

A( 

:tual  Spacing 

14.17  MHZ 
X  =  69.4' 

in  Wavelengths 

21.25  MHZ 
X  =  46.2' 

28.7  MHZ 
X  —  34.2' 

Reflector  to 
Driven  E  ement 

0.118 

0.204 

0.118 

0. 1 77 

0.238 

Driven  fo 
First  Director 

0.12 

0.12 

0.18 

0.243 

First  Director  to 
Second  Director 

0.3 

0.167 

0.25 

0.338 

ing  of  0.3  wavelength  between  first 
and  second  directors  seems  to  yield 
optimum  gain. 

•  As  tlie  element  spacing  is  increased 
gi^adually  over  a  practical  range  from 
0,12  to  0,2  wavelength  the  gain  drops 
and  the  antenna  bandwidth  increases. 

•  Decreasing  director  spacing  and  in- 
creasing reflector  spacing  from  the  0.12 
wavelengths  optimum  will  reduce  gain 
and  increase  fi^ont  to  back  ratio. 

Table  2  shows  the  element  spacing  used 
by  the  author  for  a  7,  14,  21  and  28  MHz 
band  compromise;  two  elements  on  7  and 
four  elements  on  the  other  bands. 

Element  wire   lengths 

Wire  lengths  of  one  wavelength  driven  ele* 
ments  can  be  calculated  from  1  =  11800/f 
where  1  —  length  of  wdre  in  inches  and 
f  =   resonant  frequency  in  MHz. 

Su£Scient  bandwidth  for  the  amateur 
bands  covered  by  the  antenna  is  obtained 
when  the  reflector  wire  length  is  made  5 
per  cent  longer  than  the  driven  element; 
the  first  director  is  made  2.5  per  cent  shorter 
than  tlie  driven  element  and  the  second 
director  is  made  2.5  per  cent  shorter  than 
the  first  director* 

Table  3  shows  wire  lengths  and  frequen- 
cies used  by  the  auUior.  Wire  lengtlis  were 
calculated  and  strung  on  the  frames  with 
no  attempt  made  to  tune  them  since  the 
loop  at  its  resonant  frequency  has  very 
little  inductance  and  any  extraneous  capa- 
citance, introduced  from  measuring  equip- 
ment or  the  human  bodv  is  snfiicient  to 
throw  it  off  frequency.  The  accuracy  of  the 
wiie  lengtli  fonnula  had  been  checked  pre- 
viously in  building  the  single  loops  and  the 
wire  length  variations  for  reflector  and  di- 
rectors   resulted    from    tabulation    of    much 
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TABLE  3 

WIRE  LENGTHS  IN  INCHES 


Frequency-Band 

Element 

7.15  MHZ  Dipole 

r4.!7  MHZ 

Loop 

21.25 

MHZ 

Loop 

28.7  MHZ 
3\  Folded 

2 

Reflecfor 

846 

883 

582 

635 

Driven 

806 

833 

555 

» 

602 

1st  Dlr 

812 

541 

586 

2nd  Dir 

792 

528 

572 

data  by  others.  The  two  7  MHz  elements 
are  not  loops;  they  are  %  wavelength  wires 
folded  into  an  equilateral  triangular  shape. 
The  7  MHz  antenna  uses  the  two  end 
spiders  on  the  boom.  The  14  and  21  MHz 
antennas  use  one- wavelength  loops  and  the 
28  MHz  antenna  uses  IM  wavelength  wires 
folded  into  an  equilateral  triangular  shape 
with  the  upper  ends  separated,  A  6  inch 
spreader  is  needed  between  legs  of  the  7 
and  14  MHz  wires  on  the  two  end  elements 
to  keep  them  separated;  M  inch  diameter 
lucite   works  well. 

Feed   point  impedances 

All  driven  loops  of  the  antenna  are  fed 
at  the  center  of  the  bottom ,  horizontal  wire. 
Dependent  upon  height  of  the  antenna  and 
proximity  to  surrounding  objects^  imped- 
ances of  the  antenna  will  be  found  to  be 
close  to  the  following:  7  MHz-45  ohms; 
14  MHz-50  ohms;  21  MHz-80  ohms  and 
28  MHz-55  ohms.  Many  methods  of  feed 
have  been  published  and  will  not  be  re- 
peated here.  One  fact  is  very  pertinent  con- 
cerning feeding  loop  antennas;  that  is,  in 
relation  to  nearby  sources  of  RF  interfer- 
ence the  loop  will  respond  only  to  the  mag- 
netic component  of  the  interfering  field  if 
U  is  balanced.  (That  is,  it  will  not  respond 
to  the  electrostatic  field  and  will  therefore 
pick  up  less  interference  with  balanced 
feed.)  The  feed  system  used  by  the  author 
uses  double  shielded  125  ohm  twin  lead 
coax  from  the  transmitter  to  an  antenna 
switch  at  the  top  of  the  mast.  The  switch 
completely  isolates  those  antennas  not  in 
use.  The  75  ohm,  twin  lead  M  wavelength 
lines  (not  shielded)  run  from  the  antenna 
selector  switch  to  the  7,  14  and  28  MHz 
antennas.  A  M  wavelength  Hne  from  the 
switch  to  the  21  MHz  driven  loop  is  formed 
from  three  pieces  of  300  ohm  T\^  lead  in 
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hlM*K,OeS  WALL 
STEEL  TUBING 


Rg.  4,   See   Text, 

parallel  which  yields  a  100  ohm  section. 
Lengths  of  the  %  wavelength  matching  sec- 
tions from  the  antennas  to  the  switch  are: 
7  MHz-24.75  ft;  14  MHz-12.32  ft;  21 
MHz-8.21  ft;  28  MHz-6.08  ft. 

The  above  method  of  antenna  feed  re- 
sults in  close  matching  across  the  bands,  a 
low  SWR  and  the  feed  to  the  antenna  is 
balanced  for  low  noise  reception  of  DX 
signals.  If  an  antenna  switch  is  used,  it  is 
important  that  it  switch  both  sides  of  the 
transmission  line  completely  isolating  the 
driven  elements  not  in  use.  Switching  of  one 
wire,  such  as  the  center  conductor  of  un- 
balanced coax  with  all  of  the  shields  of 
the  coax  antenna  feed  lines  remaining  con- 
nected, results  in  degraded  performance 
over   complete   isolation. 

Construction  notes 

Both  the  truss  boom  of  Fig.  1  and  the 
outrigger  boom   of   Fig.   2   are   constructed 
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Flq.   5.   See   Text. 
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in  three  pieces  for  ease  of  handling,  gal- 
vanizing and  assembly  of  the  wire  on  the 
frames.  The  center  post  used  can  be  any 
size  suitable  to  match  your  rotor  or  ex- 
tension mast.  The  1)2  O.D,  x  0.065  wall  low 
carbon  tubing  shown  in  Fig.  1  is  only 
strong  enough  to  extend  six  inches  from 
the  rotor  and  still  meet  the  85  mph  wind 
load  design  criteria.  The  spider  construc- 
tion for  bodi  types  of  boom  is  shown  in 
Tables  4  and  5,  The  1)4  CD.  x  0.065  wall 
tubing  used  for  the  spider  is  cut  back  for 
8  inches  along  the  tubing  center  line  to  re- 
ceive the  fiber  glass  arms  which  are  fastened 
in  place  with  two  hose  clamps  per  arm. 
The  detail  of  the  center  post  to  boom 
construction  of  the  outrigger  boom  is  shov^^ 
in  Fig.  3.  The  outriggers  are  30  inches  Ig. 
6061-T6  aluminum  as  shown  in  Fig.  2. 
The  outriggers  fit  loosely  in  tlie  sockets  of 
Fig.  3  so  that  the  outriggers  will  not  be 
loaded  eccentrically.  A  }i  inch  diameter  ny- 
lon rope  is  used  for  tension  members  and  it 
slides  through  the  bushings  in  the  out- 
riggers. The  author  made  the  bushings  of 
nylon,  but  they  can  be  any  non-rusting  ma- 
terial. One  Me  inch  turnbuckle  is  used  in 
each  tension  member^  positioned  at  one  end 
of  the  boom  for  a  tilting  tower  or  tiie  cen- 
ter  of  the  boom  for  non- til  ting  towers.  All 
stainless  steel  hardware  was  used  by  the 
author  except  for  the  aluminum  turnbuckles- 


TABLE  & 


Wind 
VelocHy  (MPH) 


Horizontal 

Force  on 

Antenna  or 

Tower 
(Pounds  psf)* 


30 

3.9 

35 

5.3 

40 

7.0 

45 

8.7 

50 

0.9 

55 

13.3 

60 

15.7 

65 

[8.4 

70 

21.3 

75 

24.3 

80 

27.8 

85 

31.5 

*T3fce  area  as  largest  cross  section  of  member.  For 
example,  tubing  cross  section  equals  diameter  x 
length. 
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Advantages  if  this  antenna  can  be  summar- 
ized as  follows: 

•  It  provides  a  four-band  rotary  beam 
capability. 

•  Directivity  and  discrimination  against 
rear  and  side  signals  is  excellent  on  all 
bands.  Front-to-side  ratio  better  than 
the  quad  and  gain  is  equivalent 

•  It  is  less  susceptible  to  QSB  than  the 
square  loop* 

•  Cost  of  arms  is  reduced  along  with  an- 
tenna weight  and  wind  load  area  over 
the  square  loop. 

•  Appearance  is  good. 

•  It  will  stay  up* 

•  If  fed  with  a  balanced  line,  it  is  very 
quiet  on  reception. 

Disadvantages  are; 

•  It  requires  1.3  feet  more  turning  space 
(radius)  than  the  square  loop  (with  28 
foot  boom), 

•  It  is  more  sensitive  to  interference  be- 
tween  ground  and  sky  waves  than  a 
^lain   wire.   (Also  true   of  the   square 
oop.) 

•  Hams  will  knock  on  vour  door  and  tell 
you  that  part  of  your  quad  has  fallen 

off. 

.  .  .  W6DL. 
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The  Selcal 

An  RTTY  character  recognizer 


Bill  Malloch  WA8PCK 
1179  Tempi©  Drive 
Yard  ley,  Pa,   19067 

Tom  Umb  K8ERV 
1066  Larch  wood   Road 
Mansfield,  Ohio  44907 


The  Selcal  is  sort  of  an  electronic  stunt 
box.  It  receives  RTTY  characters  directly 
from  the  loop,  with  no  machinery  running. 
It  recognizes  four  (or  more)  characters,  in 
the  proper  sequence.  An  output  relay  closes 
to  turn  on  your  printer  or  other  device*  It 
then  recognizes  receipt  of  four  letters  "N", 
sent  at  the  message  end,  to  turn  off  your 
printer.  While  the  characters  must  be  re- 
ceived in  the  proper  sequence,  the  Selcal 
does  not  distinguisli  between  upper  and 
lower  case.  Fig,  1  shows  how  the  Selcal  is 
hooked  up* 

The  basic  system  is  very  versatile,  and 
will  be  the  basis  of  further  RTTY  logic  sys- 
tems such  as  regeneration,  series-to-parallel 
conversion,  and  speed  conversion. 

The  system  is  digital,  using  inexpensive 
Motorola  integrated  circuit  (IC)  logic 
blocks,  Tliis  logic  is  designed  to  operate  in 
practically  any  combination,  with  voltages, 
switching  times,  etc,,  figured  out  for  you, 
eliminating    much    circuitry    detail.    Best   of 


aU,  they  work!  Their  cost  is  far  below  even 
junk  box  prices. 

Logic 

The  Selcal  is  built  entirely  of  three  tV'pes 
of  logic.  Each  will  be  described  to  allow 
the  reader  to  follow  the  Selcal  operation. 
See  the  reference  list  at  the  end  of  the 
article  for  more  information  on  logic.  This 
logic  series  operates  on  two  voltage  states: 
high  (H)  voltages—over  0.8— wiU  turn  on 
any  gate;  low  (L)  voltages—under  .43— 
insure  aD  gates  are  off.  Levels  between  ,43 
and  0.8  would  give  erratic  operation  and 
are  not  used.  The  logic  symbols  do  not  show 
the  B+   (3.6v)  or  ground  connections. 

Inverters 

The  simplest  type  of  logic  is  the  inverter, 
shouTi  in  Fig,  %  This  is  just  a  resistance- 
coupled  amplifier  designed  so  that  in  the 
"on"  state  the  output  is  less  than  0,43  volts. 
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Fig*  L  Connecting  the  SELCAL  into  your  RTTY  sys- 
tem to  turn  on  your  printer  when  your  call  letters 
are  received. 

The  inverter  has  a  small  'logic  gain/*  or 
fanout,  meaning  one  stage  will  drive  several 
succeeding  stages.  A  buffer  is  similar  to 
an  inverter  but  has  a  greater  fanout  capac- 
ity, and  is  available  in  both  inverting  and 
nonin verting  circuits.  The  MC789P  Hex  In- 
verter contains  six  independent  inverter 
stages  for  only  $T08I 


OUT 


O^-SA/V 


m 

OUT 

H 

L 

L 

H 

1 

Fig-  2.  Inverter  logic- 


Nor  Gate 

The  next  logic  type  used  is  the  nor  gate, 
shown  in  Fig.  3.  It  is  obvious  that  if  any 
input  is  high,  a  transistor  will  be  saturated 
and  the  common  output  will  be  low.  Only  if 
all  inputs  are  low  can  the  output  be  high. 
The  nor  gate  is  a  most  universal  function, 
and  neax-ly  aU  digital  computer  circuits  and 
systems  can  be  built  from  combinations  of 
this  logic  type.  In  the  Selcal  we  will  use 
the  nor  gate  as  a  coincidence  recognizer. 
With  varying  high  and  low  signals  on  all 
inputs^  there  wall  be  an  outptit  only  at  the 
instant  all  are  low. 
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iO-WA/r 


SO^SAA^ 


3  O — 'SAA/' 


40"AAA^ 


SYMBOL 


CfRCUfT 


OITTPUT    HIGH 
ONLY  IF   ALL 
INPUTS  ARE    LOW 


Flip-flops 

The  J-K  is  an  unusual  but  most  versatile 
type  of  FF  used  in  modem  digital  systems. 
It  is  also  called  a  "master-slave",  or  ^^clocked" 
flip-flop.  Its  symbol  and  operation  table  are 
shown  in  Fig-  4.  The  inputs  are;  Set  (S) 
and  Clear  (C)  (sometimes  called  the  J  and 
K  inputs),  toggle  or  ti'igger  (T)  and  pre- 
set (P).  The  outputs  are  (1)  and  (0)^  some- 
times designated  as  (Q)  and  (Q).  These  out- 
puts are  always  in  opposite  logic  states; 
that  is,  when  one  is  high  the  other  is  low. 
The  preset  function  is  not  shown  in  the 
ti'uth  table.  When  the  (P)  lead  is  high,  the 
(1)  output  is  forced  low,  regardless  of  the 
states  of  the  other  inputs.  While  the  inte- 
grated-circuit  J-K  contains  the  equivalent 
of  15  ti'ansistors,  two  independent  circuits 
are  contained  in  the  Motorola  MC790P  for 
only  S2.00. 

The  J-K  can  be  connected  for  several 
different  logic  functions.  Fig.  5A  shows  the 
J-K  used  as  a  common  binary  coimter,  or 
divide-by-two  circuit  This  divider  will  be 
used  to  count  down  the  oscillator  frequency 
in  the  SelcaL 

Fig.  5C  shows  the  clocked  flip-flop  op- 
eration. For  this  use  the  (S)  and  (C)  in- 
puts must  be  in  opposite  states,  so  an  in- 
verter is  used   as   shown.   The   output  logic 
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SYMBOL 


TRUTH   TABLE 


Fig,  3,  Nor  gate, 


Fig,  4,  J-K  flfp-flop 

states  duplicate  the  input  states  after  the 
clock  pulse.  This  FF  is  seen  to  be  timed, 
or  "clocked,"  It  will  be  used  in  this  mode 
in  the  Selcal  Shift  Register.  The  ti'uth  table 
in  Fig.  4  shows  all  modes  of  operation* 

Basic  operation 

The  Selcal  is  basically  a  series-to-parallel 
converter.  The  five  character-information 
pulses,  mark  or  space,  are  briefly  stored 
in  a  five-stage  shift  register.  The  desired 
character  is  recognized  by  a  coincidence 
circuit.  The  state  of  recognition  is  stored 
in    a    flip-flop.    When    all    fom:    characters 


MAY  1968 


59 


■k 


have    been    received,    the    output    relay    is 
closed* 

Lets  see  how  the  register  stores  the  letter 
J,  which  is  Start-M-M-S-M-S-Stop,  The  first 
logic  level  seen  by  the  register  is  the  start 
pulse,  a  space*  This  (L)  input  is  inverted 
to  a  (H)  and  applied  to  SR  5  lead  (S)* 
After  the  clock  pulse,  the  (1)  output  also 
becomes  (H),  which  we  will  define  as  the 
space  condition  of  the  fIip*flop,  The  next 
signal  pulse  (one),  is  a  mark^  which  makes 


n 


INO 


INPUT 


jinr 


OUTPUT 


tA) 


OFF 


+iAt> 


(B) 


J L 


OUT 


QH 


I         I        OFF 


LU 


OUT 


J         LI               _OUT 

_      L« 

1      1               Toa 

(C) 
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Fig.  5.  Applications  for  the  J*K  flip-flop.  A  J*IC  dU 
vider  is  shown  In  A;  a  s©t-rese+  flip-flop  in  B;  and  a 
masier^slave  or  clocked  flip-flop  in  C^ 

SR  5  lead  (S)  low.  The  next  clock  pulse 
now  does  two  things.  At  this  point  SR  4 
sees  the  space  condition  of  SR  5  and  dupli- 
cates its  output,  making  SR  4  (1)  low. 
The  start  pulse  has  been  passed  from  SR 
5  to  SR  4.  Also  the  output  (1)  of  SR  5 
is  changed  to  high,  following  the  input  sig- 
nal. At  the  next  clock  pulse,  the  input  is 
a  mark  (pulse  2).  After  this  clock,  SR  5 
and  SR  4  are  in  a  mark  condition,  SR  3 
in  a  space.  The  shift  register  now  contains 
the  start  and  first  two  information  pulses 
of  the  letter  J,  These  pulses  continue  to  en- 
ter the  register  from  the  left.  Finally  the 
start  pulse  is  pushed  out  the  right  end  of 


the  register,  which  then  contains  all  of  the 
five  J  information  pulses. 

Since  both  (H)  and  (L)  outputs  are  avail- 
able from  each  SR  stage^  we  can  select 
that  lead  of  each  SR  that  is  low  for  a  J. 
Only  for  this  J  (upper  or  lower  case)  will 
the  all-low  coincidence  exist  These  selected 
low  outputs  are  now  fed  into  a  nor  gate. 
Recall  that  the  output  of  a  nor  gate  goes 
high  only  when  all  inputs  are  low.  It  is 
the  nor  gate  that  actually  recognizes  the  J- 
The  high  pulse  output  is  fed  into  a  char- 
acter-! FF,  that  flips  and  thus  remembers 
that  the  J  has  been  received.   See  Fig.   7. 

To  detect  the  next  call  letter,  say  K, 
another  nor  gate  is  independently  connected 
to  the  SR  outputs  that  wiU  give  all  lows 
with  a  K.  The  output  of  the  character- 1 
FF  feeds  a  low  to  the  character-2  nor  gate 
so  that  the  first  character  must  be  received 
before  the  second  gate  may  look  for  its 
letter.  This  prevents  the  Selcal  from  respond* 
ing  to  your  call  letters  in  an  incorrect  order* 

When  both  the  J  and  K  have  been  re- 
ceived, the  third  nor  gate  is  free  to  look 
for  the  third  letter,  say  L,  When  received, 
the  tliird  gate  gives  a  high  output  which 
turns  on  the  print  FF  and  the  print  relay. 
The  printer  is  now  on  and  receives  your 
message. 

To  turn  your  machine  off,  the  sender  ends 
the  message  with  "NNNN'\  The  letter  N 
is  recognized  just  like  the  J,  with  a  properly 
connected  nor  gate.  The  gate  feeds  a  two- 
stage  binary  counter  which  turns  off  the 
print  FF  when  four  N's  are  received. 

The  Selcal  circuit  is  complicated  by  the 
lack  of  the  exact  logic  needed.  Several  nor 
gates  are  paralleled  to  get  enough  inputs, 
and  buffers  and  inverters  are  used  to  in- 
crease fan-out  or  driving  power.  Note  that 
the  A-B  signal  lines  carry  the  same  pulses, 
the  split  being  just  to  prevent  de\ice  over- 
load. The  abbreviations  listed  in  Table  1 
will  be  used  in  the  follomng  detailed  dis- 
cussion of  operation. 

Seleal  operation 

Turn  on 

At  the  beginning  of  a  start  pulse,  a  high 
occurs  on  the  m-s  line,  setting  tiie  start  FF 
(Fig.  8),  In  this  '*sef*  condition,  the  start 
FF  places  a  low  on  the  divider  preset  leads* 
allowing  them  to  operate.  The  oscillator  in- 
verter  raises  the  voltage  on  the  6.8  k  re- 
sister  to  high,  starting  the  clock  oscillator. 
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F!g*  6,  A  shift  register  connected   to   provide   an   output  when   an   RTTY  letter  "J"   is  applied   to  tho  input. 


The  clock  is  a  multivibrator  that  generates 
5.5  ms  (181-Hz)  square  waves  as  shown 
on  line  2,  Fig.  9-  These  pulses  are  divided 
by  t%vo,  five  times^  by  the  dividers  D1-D5. 
TTiese  waveforms  are  shown  on  lines  3-7 
of  Fig.  9. 

Recall  that  a  nor  gate  has  a  high  output 
only  if  all  the  inputs  are  low.  By  properly 
selecting  the  clock  and  divider  outputs,  a 
set  of  low  leads  can  be  found  for  each 
single  clock  pulse.  As  an  example,  lets  see 
how  the  single  decode  pulse  is  obtained. 
At  the  decode  time,  (line  11),  D2  and  D3 
leads  (1)  are  low,  but  D4  and  D5  leads 
(1)  are  high.  By  selecting  the  (0)  leads 
of  D4  and  D5,  we  obtain  all  low  inputs  for 
the  decode  gate.  D3  is  not  needed.  Only 
at  one  particular  time  will  the  above  con- 
ditions exist,  so  the  decode  nor  gate  gives 
an  output  pulse  only  at  the  proper  decode 
time. 

In  this  way,  nor  gates  connected  to  iJie 
divider  outputs  produce  properly  timed  set, 
shift,  and  end  pulses.  The  end  pulse  resets 
the  start  FF,  ending  the  Selcal  sequence 
for  one  character.  The  "reset*'  start  FF 
stops  the  clock  oscillator  and  presets  the 
dividers,  making  them  ready  for  the  next 
operation.  The  hit  gate  looks  for  a  spacing 
signal  partway  into  the  start  pulse.  If  a 
mark  exists  at  this  time  (non-RTTY  signal), 
the  hit  gate  resets  the  start  FF,  terminat- 
ing the  operation.  This  resets  the  circuit 
after  a  false  start  from  noise.  The  set-shift- 
not  gate  suppresses  unwanted  set  and  shift 
pulses. 


Now  back  to  Fig.  8.  Assume  the  call 
K8ERV  is  being  received.  To  prevent  casual 
copy  reference  to  *'ERV''  from  operating 
the  printer,  the  code  will  be  'ItrsERV", 
which  already  exists  in  the  callsign.  The 
first  character  ^letters"  (Itrs)  enters  the 
shift  reigster  as  described  earlier.  At  the 
time  of  the  decode  pulse,  the  Itrs  marks  and 
spaces  are  contained  in  the  register.  The 
CI  nor  gates  are  connected  to  the  five  SR 
output  leads  that  will  give  all  lows.  The 
CI  gates  wiU  now  recognize  the  Itrs  char- 
acter and  give  a  high  output  to  the  CHI 
FF.  This  high,  with  the  decode  pulse,  causes 
the  CHI  FF  to  set,  remembering  that  char- 
acter  one   was   properly   received. 
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Fig.  7.  The  sequential  seiector.  This  circuitry  is  con- 
nected to  the  output  of  the  shift  register  shown  in 
Fig.  6  $0  that  the  letters  of  your  call  sign  will  turn 
the  printer  on  only  if  they  are  in  the  correct  se- 
quence. 
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IQ  IJOTOR 
PQ^MER  RELAY 


SRH 


Fig.  8.  Schematic  diagram  of  the  selcaL  Relay  Kl  is 
a  12V  Sigma  65FI-I2DC-  Transistor  Ql  may  be  any 
high-gain  silicon  transistor  such  as  the  Motorola 
MPS3393.  The  message  light  is  a  Sylvania  I2ES. 
Switch  S2  is  an  optional  "omit  first  character  switch". 

The  CHI  FF  low  output  (lead  (0)  )  is 
fed  to  the  character.2  nor  gate,  permittiDg 
it  to  look  for  J  and  recognize  the  next  char- 
acter, "E".  As  the  decode  pulse  transfers 
the  "E'*  recognition  into  the  CH2  FF,  it 
also  resets  the  CHI  FF^  which  insures  that 
characters  will  be  recognized  only  in  the 
proper  sequence.  The  "E"  makes  the  CH2 
FF  output  (0)  low,  and  the  following  Tl*" 
makes  the  CH3  FF  output  low.  This  low, 
plus  the  SR  lows  from  the  '*V"^  and  the 
inverted  decode  pulse  (a  low  pulse)  place 
all  low  inputs  on  the  C4  gates.  The  high 
output  from  C4  sets  the  print  FF,  turning 
on  the  output  relay  and  your  printer.  The 
Selcal  has  recognized  the  last  four  char- 
acters of  the  call  K8ERV!  Any  wrong  char- 
acter will  interrupt  the  sequence  and  reset 
the  logic,  preventing  turn-on. 

Turn  off 

The  print  FF  will  now  remain  on  until 
reset  by  a  switch  or  by  the  reception  of 
NNNN,  a  commercially  used  disconnect  se- 
quence, This  section  operates  by  recognias- 
ing  and  counting  consecutive  "N"s.  The 
fourtli  N  received  gives  an  output  through 
the  4N  gate  which  resets  the  print  FF.  Any 
character  other  than  N  operates  the  N-not 
gate  which  resets  the  FFs,  destroying  the 
count.  The  Selcal  must  see  four  consecutive 
N  characters  (or  upper  case  equivalent) 
somewhere  in  a  sequence,  to  turn  off. 

An  important  addition  by  K0OJV  permits 
all  Selcals  to  turn  on  with  one  particular 
calling  code  besides  your  selected  call  let- 
ters. Since  recognition  circuits  exist  for  both 
"Itrs"  and  "N",  an  all-call  code  requiring 
a  minimum  of  additional  logic  is 
'*LtrsNLtrsNLtrsN".  This  code,  besides  being 
the  easiest)  will  not  occur  in  normal  text 
The  use  of  six  characters  decreases  the 
chance  of  false  him-on  from  noise. 

Fig.  10  shows  the  all -call  addition.  This 
is  a  counting  arrangement  similar  to  the 
4N  turn-off,  except  that  the  sequence  "LtrsN" 
is  counted  until  all  three  pairs  are  received, 
turning   off   the   print   FF,    The   counter   is 
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PRESENTING  THE  ALL  NEW 
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M  A  frame  grid  pentode  provides  low  noise  figure  with  ability  to  handle  strong  signals, 
greatly  improving  the  sensitivity  of  the  receiver  section  of  a  transceiver. 

■  A  unique  built-in  transfer  circuit  enables  the  PT  to  by-pass  itself  while  the  transceiver 
is  transmitting.  The  PT  also  feeds  the  antenna  input  of  a  2nd  receiver  as  well  as 
muting  it.  AMECO 
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Fig-  9,  Timing   chart  for  the  Selcal. 
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reset  by   any   character   other   than   "Ltrs** 

or  ^'N", 

Message  Iighf 

This  circuit  can  be  included  to  lock  on 
a  pilot  light  when  a  message  is  received. 
This  alerts  the  operator  to  look  at  the  copy. 
The  print  FF  output  pulse  is  used  to  trigger 
a  small  SCR  that  locks  on  a  low  current 
lamp.  The  lamp  is  manually  reset  by  a 
momentary,  normally  open  push  switch. 

Construc+ion 

The  integrated  circuits  used  in  the  Selcal 
are  the  Motorola  RTL  (Resistor-Transistor- 
Logic)  700  or  800  series,  in  a  plastic  dual 
in-line  package-  These  differ  only  in  price 
and  temperature  range,  the  700  t\  pes  cover- 
ing 15-55  ^C  and  the  800  types  covering 
0-75 ''C.  Data  sheets  are  available  from 
Motorola,* 

These  logic  blocks  may  be  laid  out  in 
any  order.  WTiile  IC  sockets  are  available, 
they  are  expensive  and  unnecessary.  One  way 
to  mount  the  IC's  is  to  drill  holes  in  a 
plastic  sheet,  insert  the  IC  leads  in  the  holes, 
and  wire  to  the  pins.  Another  way  is  to 
mount  the  blocks  on  their  backsy  using  an 
adhesive,  or  double  faced  tape^  and  again 
wire  to  the  pins.  Leave  plenty  of  room  for 
the  wires,  there  are  several  hundred  of 
them!  The  easy  way  is  to  use  the  pair  of 
circuit  hoards  from  K0OJV*,  at  $10.00  a 
set,  undiilled.  We  strongly  recommend  small 
(#26)  colored  Teflon  wire  to  prevent  solder- 
ing iron  damage  in  the  rather  cramped 
wiring    space.    The    cheapest    Teflon    seems 

Table    I 


1 

Inverter,  or  inverted. 

SR 

Shift  register  or  stage. 

N 

Used  in  the  4N  disconnect  circuits. 

C 

Character;   letter  being   recognized. 

CH 

Channel;  memory  for  a  character. 

FF 

Flip-flop. 

Not 

Circuit  operating  on  all  cfiaracters 

except 

M-S 

Mark-spacs* 

Sef 

Pulses  toggling  SR5. 

Shift 

Pulses  foggtmg  SR4-5RI. 

Hit 

Non  Rl  lY  pulses. 

P 

Divider  stage  (by  two). 

High 

Voltage  over  0,8. 

Low 

Volfage  under  0.43* 
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dollars  widi  one  of  these  beautiful  18"  diameter 
world  illuminated  globes  sitting  on  the  desk* 
Besides  dressing  up  the  bamshack,  one  of  these 
globes  makes  pointing  your  beam  a  cinch.  No 
map  can  give  you  tlie  "feel"  of  the  world  that 
you  get  with  a  globe.  If  you  are  going  to  get  a 
globe  you  might  as  well  get  a  good  one.  This 
Hammond  globe  sells  in  the  stores  for  $25  and 
is  a  bargain  at  that  price.  Through  some  fina- 
gling we  can  let  you  have  one  of  these  globes  for 
the  same  $25  and  add  a  two  year  subscription 
to  73  to  sweeten  the  deaL  Good  in  U.S.   only. 
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to  be  the  Knight  brand  available  from  Allied 
radio,  at  about  5c  a  foot. 

The  power  supply  must  provide  3,6V 
it  10^  at  about  600  mA,  The  design  shown 
in  Fig.  11  has  excellent  regulation  and 
negligible  ripple  to  about  90  hoe  volts.  Its 
performance  is  better  than  needed  but  not 
expensive.  Z^  is  a  group  of  forvi^ard  biased 
diodes  of  any  silicon  type,  used  as  a  low- 
voltage  Zener-  Zo  is  optional,  being  a  group 
of  one-amp  diodes  used  to  Umit  the  voltage 
in  ease  of  any  t\^e  of  supply  failure.  The 
Selcal  can  be  operated  from  two  flashlight 
batteries  for  testing,  using  a  voltmeter  in 
place  of  the  output  relay. 

The  power  supply  and  front  panel  layouts 
are  not  critical  The  only  controls  reallv 
needed  are  the  on  and  off  switches,  but 
all  sorts  of  pilot  lamps  and  other  goodies  can 
be  added  as  described* 

Decoding 

Setting  up  the  letters  you  wish  to  receive 
is  done  by  hooking  the  particular  character 
nor  gates  to  the  proper  SR  outputs*  Char* 
acter  1  is  shown  set  up  for  "Ltrs".  The  N 
gates  are,  of  course,  wired  for  N*s,  although 
any  repeated  character  could  be  used.  To 
construct  the  decode  chart  (Fig.  12)  for 
any  character,   replace  the  character  marks 


with  (l)j  and  spaces  with  (0),  omitting 
the  stop  and  start  pulses.  The  first  in- 
formation pulse  (after  the  start  pulse)  will 
eventually  be  in  SRI,  so  the  chart  is  ac- 
tually reversed  from  the  normal  character 
construction.  Since  N  is  S-S-M-M-S,  it  be- 
comes SRl-(O),  SR2^(0),  SR3-(1),  SR4-(1), 
SR5<(0),  Enter  your  letters  in  rows  C%  C3, 
C4*  No\\  transfer  this  decode  to  the  C2, 
C3,  C4  nor  gates  in  Fig.  8.  CI  is  done 
for  you  for  *Xtrs'*,  Connect  each  nor  gate 
lead  to  the  indicated  SR  output  lead.  Hie 
SR  outputs  may  feed  more  than  one  nor 
input.  This  is  the  reason  the  non-inverting 
buffers  are  used. 

The  simplest  method  of  decode  wiring 
is  to  permanently  connect  the  decode  leads. 
But  two  other  methods  are  more  versatile. 

Fig.  13  shows  how  twenty  inexpensive 
sh*de  switches  can  be  used  to  set  in  the 
four  characters  at  wilL  This  scheme  permits 
fairly  rapid  changes  in  the  decode  set  A 
piece  of  cardboard  with  holes  that  accept 
the  slide  levers  in  a  particular  decode  setup 
can  be  used  to  check  the  settings, 

A  still  faster  decode  change  can  be  ob- 
tained by  using  a  multi-pin  connector  as  a 
patch  board.  Each  decode  group  is  wired 
to   a    separate   plug   and   inserted   into    the 


I 
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Fig,  10,  All-call  circuifry  which  msy  be  added  io  tha 
basic  Sefcal  shown  in  Fig.  8.  This  circuitry  perrnits 
the  printer  to  b@  tuned  on  by  sending  "LtrsNLtrs- 
NLtrsN*',  This  is  particularly  useful  for  turnihg  on  all 
the  machines  of  an  RTTY  net. 
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socket  in  the  Selcal.  Twenty-five  pins  are 
required  for  a  three-letter  decode,  thirty  pins 
for  four  letters. 

The  Selcal  turns  on  the  printer  motor 
when  its  code  set  is  received.  If  fed  with 
continuous  random  noise,  eventually  the 
Selcal  will  receive  its  code  and  give  an 
unwanted  turn-on.  A  three  letter  decode  for 
commercial  or  experimental  copy  can  be 
obtained  by  grounding  the  C2  output  lead, 
as  shown  in  Fig,  8*  This  is  not  recommended 
for  unattended  copy  due  to  the  increased 
possibilit)^  of  noise  turn-on.  We  suggest  the 
Selcal  be  teamed  up  with  an  auto-start  sys- 
tem, such  as  in  the  TT/L  to  inhibit  the 
noise  fed  to  the  input 

Adjusfmeni 

The  only  adjustment  is  the  clock  oscilla- 
tor frequency.  Temporarily  turn  on  the  clock 
by  shorting  the  Selcal  input.  Connect  a 
scope  to  either  clock  output.  Using  the  line 
frequency  for  comparison,  adjust  the  2.5k 
pot  for  180-Hz  output  If  a  scope  is  not 
available,  set  the  pot  in  the  center  of  the 
range  that  gives  proper  Selcal  operation. 

The  power  supply  output  should  be  from 
3,3  to  3.9  volts.  It  can  be  varied  slightly 
by  changing  the  lOO-ohm  resistor  from  50- 
200  ohms.  If  greater  shift  is  needed,  change 


SAVE  $140 


'%^ 


BRAND   NEW   MODEL   501 

PRODUCTION   LINE   REJECTS 

ONLY  SI 39,95   FOB  Hollis.  NX 

(Regular  net  price  If  perfect  $277,95} 

Our  TV  Camera  production  has  expanded 
to  the  point  where  ive  can  produce  2  new 
cameras  in  the  *2  hour  or  so  it  might  require 
for  us  to  troubleshoot  rejects;  therefore  we 
are  making  the  rejects  available  at  consid- 
erable savings.  These  are  ne'w  complete  with 
all  parts  including  vidicon  and  lens,  but  will 
not  have  the  VANGUARD  label  and  since 
they   are   sold   as- is   they   are   not   guaranteed. 

The  trouble  may  only  be  a  wrong  resistor 
or  wiring  error,  or  it  might  contain  a  com- 
bination of  errors — in  any  case  it's  a  real  buy 
for  anyone   who   knows  TV  cameras. 

We  have  only  about  a  dozen  available  and 
since  improved  production  control  is  reducing 
the  number  of  rejects,  this  offer  may  not  be 
repeated.   Schematic  included  with  order. 

VANGUARD       LABS 

Pept.  H.  196-23  Jamarca  Ave.  Hollis,  KT^Y.  11423 
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Construc+ion  of  the  Se/- 
cat  used  by  Bernie 
W7AHW/4.  The  con- 
nector and  plug  are 
used  for  decoding  pur- 
poses as  described  in 
the  fexf. 
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Radio  Amateur 
Emblems  engraved 
with  your  call  letters. 


n   Gold 
□    Rhodium 

call  letters 
$5.00  Ea, 


□   Gold 

Q    Rhodium 

call  letters 
$5.00  Ea. 


All  jflustratfons 
are  actual  size. 


□   Gold 
n    Rhodium 

call  letters 
$5.00  Ea, 


Two  or  more  emblems  at 
the  same  time  $4-00  each. 


Ijnois  residents  add  5%  tax- 


Amt.  enclosed  $. 


Name. 


Address. 


Zip. 


L 


City  &  State 

Rush  Order  To:  RADIO  AMATEUR  CALLBOOK,  Inc. 
4844  Fullertoti  Ave.,  Chicago,  Illinois  60639 


the  number  of  diodes  in  Z^.  Caution,  do 
not  operate  into  the  logic  with  Z^  discon- 
nected*  A  6-ohin,  5-watt  resistor  can  be 
used  as  a  supply  load  to  simulate  the  Selcal 
when  "tuning  up."  If  a  Variac  is  available, 
run  the  line  voltage  down  until  the  output 
staits  to  drop.  This  should  be  about  90  volts, 
but  depends  on  the  gain  of  tide  40310,  Lower- 
ing the  value  of  the  270-ohm  resistor  will 
reduce  tlif^  required  input  voltage ,  but  too 
low  a  value  w01  reduce  regulation  and  may 
overload  the  2N3904, 

If  wired  correctly,  the  Selcal  should  take 
off  when  connected  as  in  Fig,  1,  Note  that 
tlie  Selcal  relay  will  not  handle  a  printer 
motor  load,  and  must  be  used  onlv  to  drive 
a  suitable  motor  relay,  such  as  the  RBM 
84^903  ($3.05). 

Connect  your  printer  into  the  local  loop 
and  send  your  call  letters.  The  Selcal  relay 
should  turn  on.  If  it  by  any  chance  does, 
you  have  made  about  350  proper  connec- 
tions! Now  send  any  letter  except  N,  to 
reset  the  all-call,  and  then  send  "NNNN", 
and  hope  it  turns  off.  If  not,  don't  despair, 
a  troubleshooting  guide  follows. 

Troubleshooting 

Fiist  check  to  see  if  the  start  FF  and 
clock  oscillator  are  being  keyed.  Hook  a 
scope  or  headphones  through  a  1000-ohm 
isolating  resistor  to  the  Clk-1  output  Send- 
ing any  letter  should  produce  a  burst  from 
the  oscillator.  Ground  the  Selcal  input  and 
check  for  proper  outputs  from  each  divider 
and  from   the   set,   shift   and  decode    gates, 
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CONTROL 


RCA   40310 
£HEAT  SiNK) 


Ffg,  IL  The  power  supply  for  the  Selcal,  This  unit 
provides  good  regulation  even  when  the  Ifne  voltage 
dips  down  to  90  volts. 
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You  can  always  be  on  the  air— Hall,  Snow  or  Hurricane! 
Brmgs   in   DX  and   stations   all  over  the   U.S,  This  is 
a  quality  product.  Operates  40  thru  2   meters* 


Not  an  ordinary  whip  an+en^ 
na — the  counter-poise  con- 
verts ft  from  a  base -loaded 
whip  to  a  highly  efficient 
center-loaded  antenna  with  a 
very  low  SWR  on  all  frequen- 
cies. 

40,  20-15^10-6-2  Meters 
Very  Low  SWR 
Folds  to  19  inches 
Weighs  only  2  pounds 
Complete  for  6  Frequencies 


Schedules  have  been  ef- 
ficiently maintafned  over 
the  past  5  years  from 
motels,  hotels,  apartments, 
camps  and  boats.  Parts 
are  very  rugged;  non-shat- 
terable  nylon  base*  The 
machine  parts  are  nickel- 
plated  brass*  This  is  the 
most  efficient  portable 
antenna  ever  buKti 


Patented 


(^a£af«m 


PORTABLE  ANTENNA  $29.95 


DPZ  CORPORATION  p.  o.  box  1615  ■  jupiter,  Florida  33458 


as  shown  in  the  timing  chart  Any  logic 
block  pin,  except  B-h,  may  be  connected 
to  B+,  or  grounded,  to  force  a  circuit  on 
or  off,  without  harm  to  the  logic* 

Now  check  the  shift  register  by  sending 
a  "letters"  character.  With  a  voltmeter  see 
that  all  the  SR-1  leads  are  low  (less  than 
0.43  V),  and  that  all  the  SR-0  leads  are 
high  (over  0.8\0-  Send  an  N  and  check 
for  lows  on  SR3,  4-1,  and  on  SRl,2,5-0,  Any 
letter  should  leave  its  proper  pattern  in 
the  shift  register.  If  the  higher  number  SR 
stages  work,  but  the  lower  ones  don%  check 
the  wiring  and  logic  at  the  point  of  signal 
loss. 

Now  send  any  letter  not  in  your  code  set. 
A  meter  should  show  highs  on  aU  of  the 
character  FF  (0)  leads.  Your  first  code 
character  (Ltrs)  should  make  CHl-0  go 
low;  The  second  code  character  will  reset 
CHl-(O)  to  high  and  make  CH2-(0)  low, 
etc. 

Check  the  4N  gate  as  follows.  Send  any 
letter  other  than  "N".  All  four  inputs  to  the 
4N  gate  should  be  high.  The  first  N  will 
place  a  low  only  on  4N  pin  14,  The  second 
N  should  make  only  4N  pin  2  low^  The 
third  N  will  make  both  pins  2-14  low\  Dur- 


DECODE   CHART 

SR 

5 

4 

3 

2 

LTfiS 

1 

1 

1 

1 

1 

C2 

1 

C3 

C4 

H 

0 

1 

1 

0 

o 

Fig.  (2.  The  decode  chart  which  is  used  in  setting 
up  the  Setcdl  for  receiving  your  call  letters.  Ifs  use 
is  fyfly  discussed  In  the  text, 

ing  the  fourth  N,  only  at  the  decode  time, 
do  pins  3-13  go  low,  but  a  scope  is  needed 
to  see  this.  The  4N  gate  output  briefly  goes 
high,  resetting  the  print  FF  and  turning 
the  relay  off.  With  the  exception  of  the 
4N  system,  most  of  the  Selcal  functions 
hold  their  states  after  decode,  so  that  a 
voltmeter  is  all   that  is  needed  for  testing* 

Use 

In  operation,  the  receiver,  tuning  unit, 
and  Selcal  are  left  running  continuously, 
or  connected  to  a  time  clock.  The  sender 
should  tr.uismit  your  call  several  times  to 
insure  reception  and  turn-on.  After  his  call, 
it  is  helpful  to   include   the  time  in   GMT, 
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Top   view  of  the  5e!cal 
built  by  W7AHW, 


followed  by  an  exb'a  line  feed  to  separate 
the  mess ii^ gas.  After  sending  the  message^ 
he  should  return  the  carriage  to  the  left^ 
and  send  8-10  N's.  If  conditions  are  poor, 
send  extra  N's  to  insure  turn-off^  any  not 
needed  will  not  be  copied.  Automatic  CR- 
LF  systems  are  very  convenient  for  any  un- 
attended  autostart  or   Selcal   operation. 

While  autostart  is  not  useful  for  monitor- 
ing continuous  eommercialstations,  the  Sel- 
cal is,  and  can  be  used  to  select  only  those 


SRI*I 


"N> 


M 
t 

S 


SR3-I 
SRM)' 

SR4' 

Sfi4-0- 

SR5-I 
SR5-0 


^ 


TYPICAL 
CHARACTER  GATE 


Fig.  13.  By  using  slide  switches  in  the  input  to  the 
character  gates,  various  turn-on  codes  may  be  used 
with   the   Selcal, 


parts  of  interest  to  you.  However,  for  75 
or  100  WPM  monitoring,  the  Selcal  clock 
must  be  changed. 

The  RTTY  Journal  of  January  1967  has 
information  on  the  Miami  Weather  Station, 
WBR-70,  on  14,395  MHz.  A  few  hours  of 
copy  may  show  some  particular  parts  of 
interest.  Set  up  the  Selcal  to  decode  the 
appropriate  heading  and  you  are  in  business. 
For  example,  the  Weather  Satellite  predic- 
tions are  preceeded  by  ""^TBUS".  The  4N 
turn-off  is  sent  regularly. 

We  would  like  to  acknowledge  the  help 
of  these  RTXrers  Harold  Quinn,  K0OJV 
for  his  circuit  suggestions,  his  All-Call  de- 
velopment and  his  circuit  boards;  Tru  Boer- 
koel,  K8JUG  for  parts  list  and  kit  he  makes 
available  on  request;*  and  the  many  on 
the  autostart  net  who  patiently  listened  to 
the   groaning  birthpains   of  the   Selcal. 

,  ,  .  K8ERV,  WA8PCK 


*  Technical   Information    Center,    Motorola    Semi-conduc- 
tor Products,  InCf  Box  955,,  Phoenix,  Arizona   85001. 

*  Harold  Quinn,    S605   Mar  del   Avenue,   St    Louis,   Mis- 
BOUTi    63109. 

*Tru   Boerkoel,    KSJU(t,    195   Brandywyne   Drive,    Con- 
stock   Park,   Michigan   49S21, 
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He  Ho  there  •  •  * 

My  name  is  Romey  and  rm  here  to 
give  you  a  preview  of  STELLAR'S 
Suitcase  Station.  It's  just  in  the  ex- 
perimental stage  now,  but  if  you 
hams  want  it  and  will  tell  me  what 
features  you'd  like  in  it,  we  plan  to 
make  it  available  as  a  package  at  a 
later  date.  If  you  send  me  your  ideas, 
ril  see  that  you  get  a  merchandise 
certificate  for  each  one  we  use.  Write 
me  at  Department  M  for  furdier  in- 
formation. 73  es  88. 


stellarlil  ndustries 

DIV.  DF  STELLAR  I  kz. 


SALES  AND  SBRVlC^ 

iMIiiHBimNMlPBMI 


ELECTRONIC  COMMUNIGATrONS  EQUIPMENT 

10   GRAHAM   ROAD  WEST 

ITHACA,    H.  V.   148S0 

TELiPHONE:   AREA  CODE  607  273-9333 


Yoyr   fieadquarters    in    Centrai    New    York    far    new    and    used 
orders  welcomed. 


gear — sales    and    service.    Mail 


Hours;  9:00  A.M.  fo  5:30  P.M.  Monday  through   Friday  9;00  A.M.  fo  5:00   P.M.  Saturday 


I 


how    to 

quickly 
stocked 


Hardware  Store 
Ground  Plane  Antenna 

One  of  the  classic  vertical  antennas  for 
VHF  work  is  the  ground  plane,  and  one 
of  the  classic  problems  is  how  to  assemble 
it  mechanically.  Lacking  machine  tools  to 
make  special  parts,  this  can  seem  formidable, 
but  the   attached   exploded   drawing   shows 

assemble  a  sturdy  ground  plane 
from  parts  available  in  any  well 
hardware  store.  The  size  of  pipe 
and  fittings  to  be  used  is  not  critical,  and 
can  be  determined  by  what  is  available. 
For  a  50  MHz  antenna  a  reasonable  size  is 
3/4  inch  pipe  and  the  aluminum  tubing  of 
such  diameter  to  make  a  firm  drive  fit  into 
the  nylon  coupling.  For  a  high  wind  area 
the  pipe  might  be  a  1  inch  or  one  could  use 
%  inch  to  make  a  light  portable  job.  In  addi- 
tion to  quick  assembly  this  construction  per- 
mits quick  disassembly  merely  by  unscrew- 
ing the  pipe  mast  and  loosening  the  four 
bolts  that  hold  the  horizontal  elements  in 
place-  For  optimum  match  to  a  52  ohm  line 
the  hori2:ontal  elements  may  be  bent  down 
about  30  degrees-  This  is  best  checked  \\ith 
a  standard  SWR  bridge. 


W.  B.  Cameron  WA4U2M 


VERTICAL  ELEMfwr 
(ALUMINUM    TUBING) 


poRGt  Frr 


(4  3  STAINLESS    STEEL 
MACHINE   screws 


NYLON  COUPLING 
FDR  PLASTIC  PIPE 
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FLCX)R  FLANGEl 


FLOOft  FLANGE 
{INVERTED) 


(4)  HOR  tZONTAL  E  LE  MEN  TS 
(ALUMINUM  TUBING} 
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Ken   Sessions   K6MVH 
4861    Ramona   Place 
Ontario,  California 
91762 


ARE  PHONE  PATCHES  LEGAL? 


Probably  every  amateur  that  bas  connected 
a  pbone  patch  to  his  radio  system  has  ex- 
perienced the  fleeting  and  cursory  twinges 
of  guilt  that  accompany  each  soldered  con- 
nection. Or  the  flash  of  anxiety  each  time 
he  sees  a  telephone  company  truck  parked 
near  the  QTH, 

Arc  phone  patches  legal? 
Many  self -respecting  commercial  producers 
of  amateur  radio  geai'  include  complete  pack- 
aged hybrid  telephone  patching  units  in  their 
basic  equipment  lines.  Following  a  logical 
line  of  reasonings  then,  an  amateui"  might 
v/eU  assume  that  phone  patches  are  indeed 
legaL  None  can  say  that  phone  patches  are 
unlawful,  but  tbeyVe  not  exactly  legal,  either. 
Not  quite  yet, 

Indications  are  that  they  will  be,  how- 
ever—and very  soon. 

Not  too  many  amateur  radio  operators  are 
familiar  with  the  little-publicized  prohibitory 
mandate  called  Tariff  132,  and  FCC  edict 
which  gives  telephone  companies  a  broad 
range  of  freedom  in  rate-setting  and  rule- 
making, x\mong  other  privileges,  telephone 
companies  have  the  right  to  establish  price 
schedules  and  ban  "telephone  attachments" 
and  "foreign  equipment"  that  might  tend  to 
degrade  telephone  performance. 

The  truth  is,  there's  nothing  illegal  about 
the  phone  patch,  itself;  it's  the  amateur's  in- 
terconnection of  it  that  causes  all  the  prob- 
lenis.  If  the  phone  company  would  make  the 
connection  or  give  a  blessing  to  the  installa- 
tion before  it  is  done,  all  would  be  welL  The 
manner  in  which  the  official  govermnent  nil- 
ing  is  written  and  interpreted  makes  it  an 
offense  to  attach  anything  to  a  telephone  or 
telephone  circuit.  Thus,  as  the  law  stands 
today,  a  busy  telephone  user  can't  even 
legally  cormect  a  shoulder  rest  to  the  hand- 
set. 

Just  what  constitutes  an  "attachment**  has 
been  the  subject  of  many  litigations  in  U*S. 
courts.  Surprising  though  it  might  be,  a  de- 
vice  mav  be  considered  an  "attachment**  even 


when  there  is  no  direct  connection  to  the 
telephone  or  line!  A  case  in  point  is  the  Car- 
terfone,  manufactured  by  Carter  Electronics 
Corporation  in  Dallas,  Texas.  The  Carter- 
fone,  a  cradle  arrangement  onto  which  an 
ordinary  handset  may  be  placed,  couples 
the  handset  audio  to  a  mobile  radio  system. 
The  device  makes  no  electrical  connection 
to  the  phone  and  requires  no  handset  modi- 
fications. Yet,  in  1965,  the  FCC  advised 
Carter  that  the  Carterfone  device  violated 
the  provisions  of  Tariff  132.  An  FCC  ex- 
aminer confinned  this  finding  later,  and  held 
that  the  device  was  an  "attachment'*  within 
the  meaning  and  intent  of  the  original  rul- 
ing,* 

An  interesting  outcropping  from  the  Car- 
ter Electronics  case  was  a  recommendation 
by  the  FCC  examiner  that  the  Carterfone 
be  allowed  despite  tfie  ruling.  He  said  the 
tariff'  was  an  unwarranted  restriction  of  a 
telephone  user's  right  to  use  his  phone  "in  a 
way  that  is  privately  beneficial  without  being 
publicly  detrimental."  This  oflficial  assertion 
is  extremely  significant  to  amateurs  witli 
phone  patches.  Many  of  us  have  been  think- 
ing that  tlie  phone  patches  were  frowmed 
upon  because  of  rate-jumping,  a  fallout  of 
a  telephone /radio  marriage- 

The  Carter  case  served  to  bring  general 
reappraisal  of  the  tariff  regulations  by  the 
FCC  and  the  Justice  Department.  As  a  result^ 
the  Common  Carrier  Euerau  of  the  FCC  has 
recently  recommended  that  Tariff  132  be  re* 
written  to  pennit  wdder  use  of  telephone  at- 
tachments. The  recommendation  w^as  sec- 
onded by  the  Justice  Department.  The  con- 
sensus was  that  the  tariff's  restrictions  tended 
to  place  the  telephone  companies  in  mono- 
polistic positions  with  respect  to  the  supply 
and  installation  of  peripheral  telephone-de- 
pendent equipment. 

The  telephone  companies  have  been 
plagued  with  their  share  of  "monopoHstic 
practices"  problems,  anyway,  and  probably 
will  not  be  able  to  prepare  any  overwhelm- 
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ing  stumbling  blocks  to  a  new  FCC  ruling 
on  attaclitments.  Two  large  telephone  com- 
panies were  recently  under  heavy  fire  from 
the  Private  Communication  Association  for 
unfair  restraint  of  trade.  The  PCA  went  so 
far  as  to  accuse  the  two  giants  of  acting  in 
contempt  of  court  by  '^flagrantly  violating'' 
provisions  of  an  antitrust  injunction  filed  by 
the  U.S,  Government  in  the  U.S.  District 
Court  of  New  Jersey  (Civil  Action  17-29, 
24  January  1956 ).2  The  PCA  complained 
that  the  telephone  companies  were  not  re- 
stricting their  business  to  ^'common  carrier 
communications  service"  and  were  engaged 
in  leasing  of  intercoms,  alarms,  public  ad- 
dress equipment,  and  similar  not-too-closely- 
related  systems. 

All  these  events  weigh  heavily  in  favor  of 
the  FCC  reversing  the  "no  attachments"  man- 
date, because  a  more  liberal  ruling  would 
invite  open  competition  from  manufacturers 
of  terminal  phone  devices.  The  way  things 
are  now,  not  even  the  phone  companies  can 
legally  connect  most  equipment,  since  this 
takes  them  out  of  the  realm  of  direct  "com- 
mon carrier  communications," 

So  how  does  all  this  affect  the  amatem" 
with  his  harmless  little  phone  patch?  Very 
profoundly!  Aheady  the  restrictions  on  phone 
patches  are  relaxing.  Telephone  companies 
acknowledge  the  fact  that  amateuis  are  at- 
taching audio  patching  circuits,  and  they 
are  beginning  to  realize  that  these  devices 
pose  no  major  threat  to  their  overall  income. 

One  Southern  California  amateur  (Donald 
Milbuiy^  W6YAN )  has  been  operating  a  fully 
automatic  phone  patch  from  his  mobile  sta- 
tion in  conjunction  with  a  radio  repeater  for 
years  in  the  Los  Angeles  area  under  the 
cognizance  of  Pacific  Telephone  Company. 
He  received  ^'implied"  permission,  he  says, 
when  he  was  requested  by  that  company  to 
use  a  particular  tone  frequency  for  telephone 
control  to  avoid  the  possibiUty  of  interfer- 
ence mth  other  telephone  circuits. 

An  automatic  phone  patch  is  a  standard 
telephone  system  (consisting  of  dialing  and 
answering  capability)  operated  from  a  re- 
mote location,  such  as  in  a  car  or  from  a 
portable  transceiver.  It  should  be  noted  that 
automatic  phone  patches  are  compatible  only 
with  FM.  Levels  for  automatic  patching  must 
be  set  for  0  dB  ( 1  m W  into  a  600  ohm  line ) , 

1,  Staff  Article,   =  FCC  Weighs  Wider  Use  of  Telephone 
Attachments/*    Electronic    Design,    8    November   11? 61, 

2.  Staff    Column,    '*Hot    Ltn©/'    Comnrnnications    News, 
December   19  67* 
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and  maintained  within  LO  dB  of  tliis  value 
regardless  of  transmitting  and  receiving  con- 
ditions, A  standard  as  rigid  as  this  is  a  httle 
too  much  for  AAl*  Telephone  companies  do 
get  upset  when  audio  is  patched  into  a  line 
at  a  high  enough  level  to  inteiTQodulate  widi 
adjacent  wire-pair  signals.  Use  of  FM  as- 
sures  a  relatively  constant  audio  level  at  the 
receiver  almost  without  regard  to  the  strength 
of  the  received  signal.  ^ 

My  own  remotely  controlled  telephone  sys- 
tem was  given  FCC  sanction—also  by  impli- 
cation—when  it  was  licensed  after  a  detailed 
description  of  the  automatic  phone  patch 
was  submitted  with  the  oflBcial  appHcation. 

Today,  the  amateur  who  connects  his 
phone  patch  runs  the  risk  of  a  hand-slapping 
from  his  local  phone  company.  It's  highly 
unlikely  he'll  get  its  blessing  tomorrow^  But 
if  the  FCC  recommendations  are  followed, 
the  amateur  would  have  the  right  to  comiect 
a  phone  patch  or  any  other  similar  device 
as  long  as  it  proved  nondetrimental  to  the 
phone's  principal  function;  and  tlie  phone 
companies  would  be  saddled  wdth  the  task 
of  "showing  cause*'  for  denial  of  this  right, 

.  .  .  K6MVH 
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Amateur  Radio  and  Public  Service 


During  my  recent  visit  to  the  Sahara  Am- 
ateur Radio  Operators  Convention  in  Las 
Vegas  two  aspects  of  amateur  radio  public 
service  were  brought  to  mind.  One  of  the 
exhibitors  was  a  local  ham  club  who  had 
as  a  part  of  their  display  a  sign  obviously 
intended  to  be  displayed  along  the  highway 
approaching  the  area  in  which  the  club  op- 
erates. This  sign  listed  frequencies  that  are 
monitored  by  members  of  the  group  which 
travelling  hams  may  use  to  contact  some- 
one for  assistance.  This  is  not  a  new  idea 
by  any  means,  but  it  is  one  which  I  feel 
deserves  more  wide-spread  usage  and  pub- 
licity, I  know  there  are  many  areas  of  the 
country  in  which  local  hams  do  monitor 
one  or  more  frequencies  for  just  such  a 
purpose.  It  seems  to  me  that  wherever  this 
is  done  it  would  be  to  the  benefit  of  all 
hams  to  have  these  signs  conspicuously 
posted  on  the  main  highways.  As  a  further 
aid,  I  can  visualize  a  national  director\% 
arranged  geographically,  listing  frequencies 
monitored;  the  purpose  for  this  monitoring; 
and  by  whom  the  monitoring  is  done.  As 
I  visuahze  it,  this  directory  would  be  similar 
in  foiTnat  to  the  ARRL  Net  Directory,  but 
I  tbink,  at  least  in  the  beginning,  there 
would  not  be  a  need  for  cross  referencing, 
but  merely  the  geographical  listing.  As  an 
attempt  to  get  this  program  going,  I  am  ofiFer- 
ing  through  this  editorial  and  similar  in- 
formation to  be  sent  to  the  editors  of  the 
various  amateur  radio  magazines  to  compile 
this  infoiTOation  as  my  time  and  the  facil- 
ities available  to  me  permit.  When  the  di- 
rectory is  ready,  it  will  then  be  made  avail- 
able to  anyone  interested.  I  virould  hope 
that  in  time  the  preparation  of  this  di- 
rectory could  be  done  under  the  auspices 
of  an  amateur  radio  club.  I  w^ould  expect 
that  there  wll  be  a  small  charge  for  those 
who  desire  a  copy,  but  this  charge  in  turn 
should  not  be  higher  than  necessary  to  cover 
the  costs  of  publication.  In  any  event,  I  will 
be  appeahne;  in  the  near  future  through 
various  publications  and  perhaps  by  direct 
letter  to  some  clubs,  for  information  to  be 
included  in  this  directory*  My  only  hope  is 
that  others  will  find  this  information  to  be  of 
value  and  ^^ ill  see  fit  to  co-operate  with  me 
in   this   venture. 


A  similar  situation,  in  that  it  also  in- 
volves public  service,  was  also  brought  to 
mind   at   SAROC.   No   doubt   those  of  vou 

m 

who  read  the  ham  magazines  regularly  are 
famihar  witli  W  CARS  or  the  West  Coast 
Amateur  Radio  Service.  This  is  a  group 
of  several  hundred  amateurs,  as  1  under- 
stand itj  in  the  western  states  who  monitor 
the  frequency  7255  kHz,  essentially  during 
the  daylight  hours  every  day,  Tliey  have 
a  roll  call  at  noon,  so  that  the  members 
have  a  chance  to  get  together.  However,  the 
important  part  of  their  work  is  that  by 
monitoring  this  frequency  continually,  they 
have  been  able  to  assist  in  any  number  of 
emergency  situations  which  have  come  up* 
It  seems  to  me  that  a  similar  arrangement 
could  be  extremely  beneficial  in  other  parts 
of  the  country  and,  again,  I  am  going  to 
put  myself  on  the  line  as  a  guinea  pig  to 
see  what  can  be  developed.  I  feel  that  an 
East  Coast  Amateur  Radio  Serxice  such  as 
I  have  described  could  probably  operate  on 
the  same  frequency  as  this  frequency  should 
give  reasonably  good  coverage  up  and  down 
the  eastern  part  of  the  nation  while  at  the 
same  time  be  far  enough  removed  to  avoid 
mutual  interference  with  the  West  Coast 
Amateur  Radio  Service.  If  one  or  more  serv- 
ices such  as  this  were  to  be  set  up  in  the  cen- 
tral part  of  the  country,  it  is  my  feeling  that 
perhaps  a  different  frequency  should  be 
chosen.  However^  I  can  not  do  all  things 
in  all  places  and  would  hope  that  someone 
else  will  pick  up  the  ball  in  other  areas  of 
the  country.  For  my  part,  however,  starting 
on  or  about  February  1st,  I  will  try  to  moni- 
tor the  frequency  of  7255  kHz  at  least  during 
normal  working  hours  and  will  try  to  in- 
stitute a  roll  call  at  least  once  during  that 
time. 

As  I  was  told  at  SAROC,  one  man 
started  the  West  Coast  version  just  by  get- 
ting on  the  air  everyday  and  having  a  call- 
up.  If  it  can  be  done  in  the  West,  why 
not  in  the  East  as  well?  Those  of  you  who  are 
interested  in  this  project,  look  for  WB2QGK 
on  7255  at  noon  evervdav.  If  I  am  not 
at  work,  look  for  me  under  my  home  call, 
W2CFP,  at  the  same  time.  I  expect  to  talk 
personally  to  other  amateurs  in  this  area 
in  the  hope  that  they  will  be  able  to  assist 
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Put  your  signpl  where  it  counts.  Use  the  ultimate 
in  Ham  beams  -  -  -  the  Mosley  TA-36  with  Kit 
TA-40KR  odded  to  radiating  element.  Employs 
4  operating  elements  on  10  meters,  3  operating 
elements  on  15  meters,  3  operottng  elements 
on  20  meters.  SWR  is  1.5/1  or  better  at  resonant 
frequencies  over  all  4  bands.  Constructed  of 
heavy«wall  aluminum  for  moximum  strength. 
Rated  for  full  power. 

Write  for  detailed  specifications  and  performance 
data  on  the  Mosley  TA-3640,    73'b- 


me  in  this  project  and  I  hope  further  that 
by  spreading  the  word  on  the  air  and  through 
publications  that  in  the  not  too  distant  fu- 
ture an  East  Coast  Amateur  Radio  Service 
will  be  developed  that  will  be  able  to  do 
the  same  good  and  public  service  that  is 
now  being  done  in  the  western  part  of  our 
country. 

If  you  are  interested  in  working  with 
me  on  either  or  both  of  the  above  projects^ 
please  don^t  hesitate  to  contact  me  either 
on  the  air,  by  mail,  or  by  phone.  If  you 
know  of  anyone  currently  undertaking 
either  of  these  projects,  please  let  nie  know, 
as  I  have  no  desire  to  step  on  anyone's 
toes.  I  fust  want  to  get  the  job  done.  It 
is  important  to  remember  that  public  serv- 
ice is  one  of  the  basic  principles  of  ham 
radio  and  in  this  day  of  diminishing  ham 
population  and  increasing  danger  of  losing 
some  of  our  frequencies,  it  certainly  be- 
hooves all  of  us  who  are  hams  to  participate 
in  whatever  we  can. 

,  ,  .  Da\id  G.  FHmi  W2CFP 

Excerpted  frum  Cointaet 
Volume  III  Number  4 


DON7  QRT! 


LT-5 


$24.00      KIT 

$35.00     WIRED 


When   you    leave  your   QTH 
put  your  LT-5  portable  40-80 

meter  CW  transmitter  In  your 
poclcetl 

SEND   FOR  FREE 
DATA  SHEET 


OMEGA  ELECTRONICS  COMPANY 

10463  Roselle  St.  •  S«n  Diego,  Calif  92f2l 


CONSTRUCT  YOUR 
EQUIPMENT  THE 
EASY  WAY— USE 

THE  UNIT  CHASSIS 

Wire  and  test  the  subchassis  out- 
ijde  where  everything  is  acces- 
sible. Assemble  the  sybchdssjs 
into  the  unit  chossis  and  you 
Check  or  M.d."  No  COD  have  u  professionai  package* 
NYC    Res,    Add    5% 


ZVz"*  X  Vi*'  RACK  PANEL 
10"    Depth      15.00    PPD 


NYS    Res,    Add  2% 

DEVICES 

BOX  136 


y  X  61/2" 


BRONX  N.Y.     10463 


MAY  1968 


75 


Jam  a  Allen  WA4HRX 

Army    Radio    Stafion 

La    Plata*    Maryland    20646 


Mictofilm  Your  Magazine 


Tliere  have  been  a  couple  of  good  aiticles 
in  73  about  what  to  do  to  reduce  the  huge 
pile  of  magazines  you  have  on  hand  and  to 
increa.se  your  chances  of  finding  a  particulai" 
article  vou  want.^ 

But  even  with  these  fine  ideas  I  still  find 
myself  having  to  look  tlirough  most  of  the 
magazines  to  find  the  article  I  want.  The 
annual  indexes  helx^,  but  even  with  those  I 
still  liave  to  search  a  lot. 

Another  problem  I  have  encountered  is 
maga7:ine  pnrtal)ility.  I  am  in  the  Anny  and 
move  around  quite  a  bit,  four  times  in  a 
year  and  a  half.  I  use  my  magazines  and 
other  books  a  lot  and  I  need  them  with 
me.  I  needed  a  way  to  have  the  information 
without  the  pounds, 

I  have  reduced  my  electronics  library 
from  many  pounds  to  a  few  ounces  by 
using  microfilm  techniques  from  the  T\^ 
spy  shows,  I  get  two  pages  of  information 
per  frame  of  35mm  film.  Thus,  a  total  of 
72  pLiges  of  information  on  a  36  exposure 
roll  of  film  is  possible.  Tire  weiglit  is  about 
an  ounce  including  the  film  storage  can. 

There  are  many  approaches  to  filming  your 
articles-  The  first  approach  is  to  film  the 
individual  73's  or  other  electionics  maga- 
zines. This  gets  you  away  from  the  pound- 
age but  you  still  have  the  "Article,  article, 
whcre's  the  article?"  question, 

I  have  been  categorizing  my  articles. 
This  method  is  time  consimiing  but  ver\' 
rewarding  in  the  end.  It's  nice  to  pick  up 
a  small  can  lubled  "Microfilm  Vol.  1,  Co- 
axial Cable  Handhook,  Parts  1,  2,  and  3,"^ 
and  not  have  to  go  to  tliree  different  issues 
to  get  the  information.  I  have  given  a 
partial  fist  of  my  favorite  categories  in 
Talile  L 

The  third  idea  is  the  least  expensive  and 
the  least  time  consuming.  You  can  film  only 
the  annual  indexes  and  the  indexes  of  the 
magazines  of  the  current  vear,  Tlus  mav. 
as  all  the  other  methods,  be  kept  up  to 
date  from  time  to  time  by  splicing  your 
new   fihustrips   to    the   one   already   started. 


You  then  have  the  ''Where  to  find  it"  in- 
form aticm  at  your  fingertips.  It  will  save 
you  time  and  frustration.  It  is  much  easier 
to  look  at  a  short  Filnistrip  than  to  go 
through  several  back  issues. 

Techniques 

If  vou  have  chosen  anv  of  m\^  ideas 
or  have  thought  of  one  better,  let's  begin. 

The  first  thing  you  need  of  course  is  a 
camera.  Both  35mm  and  16mm  cameras 
are  classed  as  microfilm  cameras.  I  use  a 
35mm   camera   and   get   very   good   results, 

You  will  need  a  place  to  work  wliich  is 
well  lighted  such  as  a  room  with  a  high 
wattage  ceiling  Hght.  I  use  no  direct  light 
or  flash  nn  the  material  because  the  glare 
from  the  glossy  pages  will  over  expose  the 
fihu.  Believe  me,  a  light  meter  is  of  no  use* 

I  use  a  camera  setting  of  1/8  secrmd  and 
f  stop  (lens  opening)  8.  You  will  prob- 
ablv  have  to  use  about  a  half  roll  of  film 
and  experiment  to  find  the  correct  settings 
for  your  particular  camera  and  favorite 
type  of  film.  Use  only  black  and  white  film 
and  be  sure  to  keep  a  log  of  your  shots 
for  comparison  with  the  negatives  after 
developing. 


Before    -    .    .    After 

Next,  la\  a  magazine  on  the  floor  or  anv 
background  you  choose  and  determine  the 
closest  distance  you  can  get  and  still  be  in 
perfect  focus.  I  can  get  only  about  2.75  feet 
without   a   close-up   lens*   This   is   adequate 
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for  most  of  your  work,  but  a  close-up  lens 
will  give  you  more  detail  with  less  magnifica- 
tion of  the  finished  shot.  If  vou  don't  have 
one  I  suggest  the  method  used  by 
K6UGT,^  or  if  you  prefer,  you  may  order 
a  13  inch  close-up  lens  from  Edmund  Sci- 
entific Co.  for  $1.10. 

You  will  need  a  way  to  keep  your  material 
fiat  wliile  photographing  it  or  part  of  it 
mav  be  blurred, 

A  tripod  is  very  helpful  in  keephig  a 
fijced  focus  and  holding  the  camera  steady. 

But   it   is   not   reallv   necessary   unless   vou 

^  *■  * 

have  several  articles  to  do  at  one  time, 

Lf  you  have  a  pile  of  magazines  to  photo- 
graph at  one  time,  you  will  save  yourself  a 
lot  of  time  by  having  all  the  maga2dnes 
open  to  the  articles  you  want  to  photograph 
before  you  begin* 

After  you  have  taken  a  roll  of  film  you 
may  do  one  of  two  things.  You  may  take 
it  to  the  local  drug  store  to  have  it  developed 
or  vou  mav  do  it  yourself  with  a  Kodak 
home  developing  Idt  I  prefer  the  do-it- 
}  ourself  way.  In  eitlicr  case  you  only  want 
the  negatives,  no  prints,  and  you  want  them 
in  a  strip,  uncut.  If  you  have  microfilmed 
only  the  indexes  as  in  the  third  method  I 
described,  vou  mav  want  to  mount  the 
negative.s  in  slide  mounts  to  view  with  a 
slide  projector.  You  can  buy  the  mounts 
in  a  camera  shop  and  mount  them  your- 
.self.  If  vou  have  several  articles  on  film, 
as  I  do,  it  is  best  to  keep  them  in  fllmstrip 
form  for  convenient  filing  and  ease  on 
\newing-  You  can  get  a  film-strip  projector 
fairly  cheap  if  you  shop  around.  As  for 
the  screen  it  can  be  anytliing  from  a  white 
bedsheet  (beware  of  your  XYL)  to  a 
home  brew  microfilm  reader. 

Don't  limit  yourselE  to  magazines.  After 
you  finish  a  logbook  you  can  film  it  for 
future  reference  and  not  have  to  worry 
about  sorting  it.  You  could  also  microfilm 
your  "Idea  File"  ("Card-boarding,"  Ed- 
ward Burke,  W6FTA,  73,  April  1967),  The 
possibilities  are  only  limited  by  your  imagin- 
ation. 

Besides  the  advantages  described  eaiHer^ 
vou  will  find  that  the  film  will  last  much 
longer  than  the  paper  magazines.  The  fire 
liazajds  in  your  shack  will  be  greath'  re- 
duced by  using  film  stored  in  metal  cans 
instead  of  bookcases  full  of  inflammable 
magazines* 

After  you  microfilm  your  magazines  don't 
go  in  a  mad  rush  to  a  trash  can  with  them* 
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Volome    N 

Integrated   Circuits 

Volume  III 

432   Mhi  Equipment 

Volume  IV 

144   Mhi   Equipment 

Volume  V 

50  Mhi  Equipment 

Volume  VI 

VHF  Test  Equipment 

Volume  VM 

UHF  Equipment 

Volume  Vlll 

Test   Equipment    (General) 

Volume   IX 

Transistor   Equipment  Design 

Volume  X 

Antennas  and   Antenna   Design 

Bind  them  in  the  binders  available  from 
73  and  store  tliem  in  a  safe,  dry  place. 
If  you  travel  aroimd  as  I  do,  store  them 
in  your  in-law's  garage  until  you  settle 
down  again.  If  you  are  real  good  hearted, 
you  can  donate  them  to  your  local  ham 
club  so  that  the  newer  hams  can  benefit 
from  them. 

1  am  very  much  pleased  with  ray  micro- 
film library  and  I'm  sure  you  will  be  just 
as  pleased  with  vours, 

.  _  WA4HRX 

Fuot  nines 

1,  "Make  The  Most  Of  Magazfaiea,"  Jim  Kirk,  W6DEG, 
7S,  Dec,,  '66.  **Dealinj;  With  The  Itiformation  Explo- 
sion," James  Ashe,   W2DXH,   7S,  May,   '66 

2,  '^ Scope  Pix  Tm/*  Fred  Bleehinnn,  K6UGT,  7 Br 
March,    '65 

3,  "Coaxial  Cable  Handbook/^  Jim  FiBk.  WAGBSO* 
75,  July,   Aug.,   Sept,,   "66 
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i^^Asrs?^.: 


^•.■.■■.4'.L'x'j-:^-.-SS!::oj«^*«««u^l 


TELREX  (Patd.)  -'BALUN"  FED  -'INVERTED-V"  ANTENNA  KITS 

EASY-TD-INSTALL,  Hl-PERFORMANCE  LOW-FREQUENCY  ANTENNAS 

Mono"  Bands  from  $23,95— Afso  'Trapped"  2  and  3  Band  Kits, 
3,  4  or  5  Band  "ConfcaMnverted-V"  Antennas  from  $52,95 
3,  4  or  5  Band,  5  to  10  DB-'*Empirical-LV,-Logs"-S.A.S.E- 


Mfd.  under 
Tetrex  Pat 

2,576,929 


M^i 


TELREX  Pu'^eS    TELREX  COMMUNrCATION  ENGINEERING  LABORATORIES- AS  BURY  PARKIN,  J.  07712 


Breaking  the  iOOtOOO  MHz  Record 


t  LEARN  CODE 

^^      fhe  right  way  -  with 

^   Code  Sound  lahpage! 


CSl  NR  1  £i  Nil  Z  (1  bpe)  for  the  prospective  MovicOg  Techniciarip 
General  or  Amateur  Extra  First.    3  to  25  wpm. 

CSL  NR  3  &  NR  4  (1  tape)  for  the  advanced  operator  with  a  sin- 
cere desire  to  copy  code  sounds  at  rapid  speeds.  Mow  to  copy 
behind,  etc.  25  to  55  wpm.  Both  tapes,  plenty  of  copy— plain  and 
scrambledi  numerals  and  punctuation. 

Magnetic  tape,  T^  ree!^  dual  track,  2  hours.  Immediate  delivery. 
Send  check  or  money  order,  (Specify  which  tape.)  $6,95  each. 

Both  rapes  on  one  order,  only  S13.50. 


cff  W3CVE 

"The  specialized  language  of  sound"  brings  you  a  complete  study 
of  the  International  Morse  Code.  Satisfied  users  say— "Complete 
in  every  detail"— "Easy  to  learn!"— 'XSL  is  the  best!"— Increase 
YOUR  receiving  speed,  master  the  code  nowl    ^  ^  ^  ^  ^  Sound  History  Recording,  Dept.  73,  Box  16015,  Wasftington,  D.  C.  20023 
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Detriments  Can  Be  Beneficial 

I  think  it  was  Will  Rogers  who  said,  "I  can 
see  some  good  in  everybody." 

If  yon  will  study  the  two  figures  in  this 
article,  you  will  see  that  deep  lobes  which 
generally  appear  on  beams  with  high  gain, 
can  be  used  to  an  advantage.  In  Fig.  1,  we 
are  beaming  a  powerful  signal  at  station  X, 
but  when  we  change  to  receive,  we  are  get- 
ting a  large  amount  of  signal  from  station  Y 
which  makes  receiving  a  bit  difficult 

All  we  do  to  virtually  eliminate  signal  Y 
is  to  turn  the  beam  a  bit  to  the  west  undl 
that  signal  is  in  direct  line  with  the  null 
formed  by  the  side  lobe  that  is  not  being 
used.  It  will  be  noted  that  the  signal  to  sta- 
tion X  may  be  slightly  attenuated,  but  the 
fact  that  we  have,  to  all  intents  and  purposes, 
eliminated  signal  Y  by  placing  it  in  the  null^ 
we  have  actually  gained  more  than  we  have 
lost. 


Y  STATlOfJ 


N 

I 


Y  STATICHi 


W 


Hf 
REJECTION 


This  will  be  of  the  maximum  good  if  sta- 
tion Y  is  near  and  very  strong,  and  station 
X  is  weaker  and  furtlier  away.  You  are  ac- 
tually making  the  null  in  the  beam  act  much 
like  a  notch  filter  in  a  communications  re- 
ceiver. The  null  is  very  pronounced  and  >^ou 
can  get  an  immense  amount  of  rejection 
through  this  method.  More  important,  is  the 
fact  that  it  doesn*t  cost  a  dime.  That's  pretty 
nice  in  this  day  and  age— something  for  almost 
nothing* 

Bill  Roberts  W9HOV 


USED  MODEL  501  TV  CAMERAS 


MADE  # 

IN  U.S.A. 


$160.00  FOB  HoLlls 


Each  month  we  have  a  limited  number  of 
used  TV  cameras  which  we  make  available  to 
hams  at  greatly  reduced  prices.  These  cameras 
were  rented  out  for  temporary  surveillance 
jobs  on  construction  sites,  county  fairs,  con* 
ventions,  etc.  All  have  been  checked  out  and 
are  guaranteed  for  90  days.  Complete  with 
vidicon  and  lens. 


Used  Model  501    sale  priced 
$160.00  FOB  Hollis 

Don't  delay.  Only  a  few  used  cameras  are 
available  each  month.  For  specifications  send 
for  our  illustrated  catalog. 


VANGUARD       LABS 

Def>f.   K,    194*23  Jamaica   Ave.,   Hoilis,   K.Y.   11423 


POLICE   •   FIAE   •   MARINE 
AIRCRAFT  •   AMATEUR  CALLS 


ALL  NEW  1968 

X  LINE  TUNAVERTERS! 

CRYSTAL  &  TUNABLE  =   UlAltuTY^^ 

Tunable     pJus     Crystal 

tidhtrclleif       (selectablfr 

with  switch)  solid  itate 

converters     tfi     etiange 

your  ^  auto     and     hi^nte 

radios     intci     excel]  enl, 

lensitrver      selective, 

calibrated  VHF  reeelv 
ertl 


THE  BEST— CALIBRATED  6—1    TUHIH^ 

PI  lie    —DRIFT  FREE  CRYSTAL  CONTROL— 
^^^^    —COMPLETE  INTERCHANGEABLE 
CRYSTALS  WITHIN  SANDIILI 


9  volt  battery  powered. 
Irteludes     coax»     mount     i 

screws. 
New  FET  transistor  06cil< 

lator    &   circuit. 


1  -  year    guarantee   on    parti 

&.  labor. 
Size— 2'/ax3'/2X4'/4  inches. 
American  Made  with  Amer- 

lean    Parts. 


Models  far   AM  &    FM 
BAND                   MODEL 

CB  S^  10  M  273  X 

6  meterfi  504  X 

2  meters  1450  X 

Poiice,  Are,    11  348  X 

Marine       (1  1584  X 

Aircraft  1828  X 

Medels  for  AM  &    FM 

Marine  Marine 


Tunable  &.   Crystal! 

COVERS       OUTPUT 

26,9-30  mc  1500  kc 

50-54  mc  1500  kc 

144-14S  mc  1500  ke 

33-48  mc  150a  fcc 

iaO-164  mc  1500  kc 

118-123  mc  1500  kc 

Tunable  only 

2.0-2,95  mc 
0.5-16  mc 

for 


550  kc 
15IKI  kc 

with 


PRICE 


$32.95  ppd. 

Each 
Less  Cryttal 


S  13.35  putf. 
|I9;95  ppd» 


use 


SW  Sl  wwv         swl 

Coupling  Loop  &;  Eirt.  Antenna 

home  and  Transistor  Radios  ,,.,..* 
Mobile  Battery  Eliminator,  12 V  to  OV 
Crystals— State    Exact    Listening    Ftea $5J0  ppd- 

Order  from;  Fast  AIR  MAIL  add  J.SS  la. 


t  •    i    *   *    > 


$3.95  ppd. 
^.$4.95  ppd. 


HERBERT  SALCH  &  CO. 

Woodsbero  70,   Texas  78399 


Marketing  Dhision  of 
Tompkins  Radio  Products 
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Full  Break-in  for  the  Galaxy  III  or  V 


Since  I  like  CW  and  also  like  to  operate 
witlioLit  having  to  move  anything  but  the 
key;  I  was  forced  to  find  some  way  to  use 
mv  GalaxV  III  on  CW  break-in. 

Tills  system  has  been  in  use  for  one  and 
one-half  years  now  and  is  working  for  me 
and  several  other  people  who  have  tried 
it  with  the  Galaxy  III  and  Galaxy  V,  No 
VOX  is  required  as  the  VOX  is  inoperative 
in  the  CW  position  of  the  Galaxy, 

No  damage  is  done  to  the  transceiver 
and  the  modification  could  be  accomplished 
is  as  little  as  ten  minutes. 

On  the  front  wafer  (panel  wafer)  of  the 
function  switch  near  the  top,  you  will  find 
tlie  lead  coming  from  the  push-to-talk  line. 
Two  contacts  are  jumpered  here  with  the 
lead  coming  from  the  push-to- talk  line  being 
hooked  to  the  contact  used  in  the  tune 
position*  The  function  switch  is  used  to 
ground  one  side  of  the  relay  in  the  Tune 
and  CW  positions  via  these  contacts.  If  you 
wiU  simply  cut  this  jumper;  the  jumper 
can  be  re-soldered  if  original  operation  is 
desired. 

When  this  jumper  is  cut;  the  unit  will 
function  nonnally  except  in  the  CW  position. 
In  the  CW  position  all  of  the  normal  changes 
(iiicluding  carrier  shift)  will  be  made;  ex- 
cept that  the  ti^ansceiver  is  receiving  not 
transmitting^ 


C,  A.  Bierbaum,  W0JHD 
2728  Avenue  S 

Council  Bluffs,  Iowa  51501 


Make  a  jumper  so  that  the  external  relay 
contacts  can  be  used  to  complete  the  keying 
circuit. 

Now  with  the  function  switch  in  CW;  key 
the  push-to-talk  line  for  full  break-in  op- 
eration. If  operation  is  desired  or  necessary 
where  you  will  be  zero  beat  with  your  con- 
tactj  an  external  or  Remote  VFO  will  be 
necessary.  The  carrier  is  no  longer  shifted 
in  relation  to  the  receiver  when  you  transmit. 
Normally  this  is  no  handicap  as  the  difference 
is  tlie  audio  pitch  or  frequency  of  the  re- 
ceived    CW  note,  which  is  a  kHz  or  less. 

This  system  is  simple  and  works  well 
without  disturbing  other  functions  of  this 
fine  transceiver.  No  abnormal  wear  of  the 
relay  or  associated  parts  have  been  noticed 
after  one  and  one  half  years  of  operation. 
Keying  is  good  with  no  noticeable  ill  effects 
on  the  note.  Speed  is  going  on  the  relay 
with  about  fifty  words  per  minute  being 
about  tops. 

One  clip  (of  the  dikes),  one  jumper  (via 
connectors  on  the  back  panel) ,  no  holes  or 
damage,    and   a    good   time   is   had   by    all; 

.  .  .  W0JHD 


1)0-120  VOLT 


AX,  1,500-WEitt.  e0-cycles» 
Light  Plant,  Fanbelt  tJriien 
from  pickup  or  small  gas 
engine.  Oij urates  saws^  drills, 
lights,  even  T,Y.  Weighs  25 
pounds.  Guaraivtecd.  With 
Volt  meter,  swltoh,  and  puller. 
Regular  %^\>.M,  now  $49.50. 
Send   ciieck  or   money   order. 

Virden    Perma-Bilt,     Box    7066    S.T.    AmariMo,    Tex,    79109 


^atecm^ 


^7^4^^^    ^, 


7530  BIG  BENO 
ST.  LOUIS,  MO.  €5115 


ALUMINUM  TOWERS 

Send  posfcard  for  Literafure 


DXERS  and  DXERS-TO-BE 

Want  to  Veep  up  to  the  minute  of  what's 
happening  DXwIse?  Subscribe  to  Gus 
Browning  W4BPD's  new  weelfly  OXERS 
MA&AZINE,  16  pages  of  DX  evsn+s,  com- 
ing lip  DX  petitions,  QSL  Info,  pjx,  •tc. 
Rates,  US  surface  $8.50,  US  air  mail  $10, 
West  Indios  $16,50,  S,  Amorica  and  Eur- 
ope $19,   rest  of  world  $28, 

The  DXERS  MAGAZINE 
c/o  W4  BPD 

Route  1 1  Box  I6UA| 
Cordova,  S,C,,  U.S,A. 


RENEWAL  CODE 

The  two  numbers  under  your  call  on  the  ad- 
dress label  are  the  expiration  code-  We  have 
tried  to  make  it  simple.  The  first  number  Is  the 
month  thai  we  send  you  the  last  copy  on  your 
subscription  and  the  second  number  is  the  year. 
73  would  be  July   I968r  for  example. 
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RF/iF  LINEAR  AMP 


References 

73  MAGAZINE 
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703 H  RF 


Tr^lCAL  CHICUrT  AFtLICAf  IQirt 

•  30  «HI     IF    STHIP 

m  coLon  TV  souMi>iF  AMPtrrif ■ 

•  10IIM£   OSClLLhtOR 

•  30KHI    JUmiTINC    RF    WO" 


n 


□  7 1 6 H  ^^^1*^  ^'^pi - 1^**^         $5,50 


EPOXY    TRANSISTORS    &    IC's 


Fa 

5 


irchild,     Motorola,    Texas,    Bendix 

a — tN3683    10O0MC200MW    TRANSISTORS       .Si 

4^2N3563   NPN,    600MC|    200MW   Foifthild $| 

i1 — 2N3643  NPN,  250MC,  350MW  FaJrchild  ..>...  $1 
3 — B-5000  5W.  3Amp,    NPN.  BendiSL    trHnsistor«...$l 

4 — 2N4313    PNP    600MC,    200MW    foirthild $1 

3— 2N3565,  500HFi,  NPN,  200MC  >>'  K;ur(!hild  $i 
3 — 2N4265,  400HFE,  NPN/  350MC  by  Motorola 51 
1 — DUAL  4  rw,  GATE,  EXPANDER  by  Fjiircbild  $1 
1 — QUAD   7    fN,   NAND/NOR   GATfi    .....   ™™ $| 


FIELD  EFFECT  TRANSISTORS 


&nAM 


RAYTHEON 

^'  MOST." 
IGFET 


SduFvcf: 


Input        LJ 
/O  fuilHon  meg- 


a 


100  MICROAMP 
PANEL  METER 

99 

ea. 


I     _ 


ctoi 


K^ 


Nrw!   Orijttnillr  dmcdi^d   m  be  u*f?d  »ffh   r«di* 
I   nKHinfirix   hoJci   for   en^    imTm\l1^i^on    in    oirirl 


(Replaces) 

□  INI238    5U4GBJ 

□  1NT239    5R4I     „ 

□  IN1237    0Z4)     .. 

□  INT  262     6AU4GTA} 
D1N2637    866A) 

□  3DG4J 


HAM 

SILICON 

TUBE 

SPECIALS 

&1        Sjle 

......2.39 

4.39 

2.39 

Al    ..2.39 

9.99 

„..,..2.39 

TRIACS* 
AND 


r 


V 


% 


3**        6  = 
PRV    AMPS     AMPS 

50  n   .35  n  ^ 

100  n  .50  □  .85 
200  0  .75  n  1^35 
44)0  D  1.25  a  1^95 
600  a   L75  n  2.60 


General  Instrument 

Wave 
Bridge 

5  AMP 
1500  PIV 


\%c^ 


^^ 


L 


D 

1.5AMP 
2000  PIV 

SILICON      J 
RECTIFIERS 


D2  AMP    SILICON 

800  P  I V  REC^"''"^ 


4fQ 


-FREE 


PLUS 

ANY 


TRANSISTORS 


ITEM 
FKEE 


CONDENSERS 


or  jteinsL 
totallfng 

^^^*       $LOOJ 

Add  25t  for  handfing  L 

BOTH   FREE  WITH  ANY  $10   ORDER 


ONE  WATT 
ZENER  DIODES 


NOW 


44 


Volts 

D     5.4 


n 

□ 


6.4 
8.2 
9.1 
10. 


Volts 

D  12. 

a  22. 

D  24. 

n  27. 


Volts 

n  47, 

J  50, 
D  56. 
J  68. 

n  75. 


Volts 

D  82 
□  100 
n  120 

n  150 

n  180 


85WAn 

NpN   n  *^  ^^* 
SILICON,  2Ni24 


AMP     TOP  HAT  AND  EPQXIES 


n 


PIV  Srf1*> 

800  D    19< 

1000  n  '^* 

T200  n   42* 
1400  Q   SS# 

1600  D    *9< 


FIV  Sok 

1800  D  8^* 
2000  D  1-25 
3000  n  1*50 
4000  D  1,95 


Actual  Sfze  -^ 

1   A  Mr  10  n  7f  6oo  a  jo< 

MICROMINIATURE  1^  °  ,t*  ,!$?   p    "* 

SILICON  RECTIFIERS  40o  D  i7< 


2  AMP 

SILICON 
RECTIFIERS 


PIV  ^di^ 

200  □  i: 

400  □    V 

600  D   y 

aoo  n   2 


PIV        Sale 
1400   □      6^t 

1600  n    evt 


SILICON  POWER  STUD  RECTIFIERS 


50 
100 
200 
400 
600 
800 
1000 


D  M5 


55A 

a  .50 

D  1.25 
D  1-50 
D  1.80 
n  2.30 
n  2,70 


SQLITRQN    DEVICES, 

5  AMP 

Epoxy  Rectifiers 


PIV 


o*«       PiV         SaU 

^^*  400  n  ^^* 

39*1000  n  '^< 

45  c 


^GLASS    AMP' 
ONE    AMP 

PRV    rnay    be    ex* 
thi?       r«»ctif*er 


SILICON   RECTIFIE 


Sole  PIV 
r]   Sf  600 
n   7«  800 
n   9f  1000 

n  11'  1200 


Sale 

n  19* 

D  2lf 
□   32< 

n  45< 


AS  ADVERTtSED   OR    YOUR    MONEY  BACK 


GIANT   SPRING   CATALOG    ON:    Parts,   Rectifiers, 
Transistors,  SCRs,  IX.'s,  Equipment,  Etc.     lOf 


iTERMS^    include   postage.    Rated,  net  30  days.  COD  25% 


POLY  PAKS 


P.O.  BOX  942  A 
Lynnfield.  toss.  01940 


Getting  Your  Higher  Class  License 


Part  II 


SSd 


Last  time  around,  this  study  corner  for 
the  new  Advanced  Class  examinatioiis  went 
into  radio  waves  and  propagation.  The  sub- 
ject diis  montli  appears  to  be  far  different— 
single  iiideband— but  the  two  are  more  closely 
allied  than  you  might  think. 

The  study-list  questions  dealing  with  SSB 
which  we're  going  to  examine  in  this  instal- 
ment are; 

3,  WTiat  metliods  aie  most  commonly 
used  to  generate  single  sideband  sig- 
nals? Draw  a  block  diagram  of  the 
filter  method  showing  all  essential 
stages.  How  can  a  low  frequency  SSB 
signal  be  converted  to  tlie  desired 
transmitting  frequency? 

7.  What  t>^es  of  emissions  can  be  re- 
ceived with  selectable  sideband  re- 
ceivers? 

8.  The  ratio  of  the  peak  envelope  power 
to  the  average  power  in  a  SSB  signal 
is  primarily  dependent  on  what? 

25.  How  can  SSB  signals  be  amplified  with 
httle  or  no  distortion? 

44.  How  does  the  peak  envelope  power 
input  of  an  amplifier  used  for  CW 
compare  to  tlie  PEP  of  an  SSB  ampli- 
fier when  using  the  maximum  legal  dc 
power? 

Just  as  we  did  before^  let^s  re-plirase  those 
five  specific  questions  into  five  more  general 
questions  which  will  include  the  original 
ones  as  well  as  most  of  the  possible  variations. 

Perhaps  a  bit  obvious,  but  still  the  best 
stalling  place,  is  the  question  ''What  are 
sidebands?**  Next  in  line  comes  the  more 
specific  one  whicli  will  fence  in  our  subject 
matter:  '"What  is  meant  by  'single  sideband* 
signals?" 

Once  we  are  reasonably  sure  we  under- 
stand what  a  SSB  signal  is,  weVe  ready  to 
ask  "How  are  SSB  signals  generated?"  By 
this  time  we  will  have  definite  answers  for 
questions  3,  8,  and  44.  Two  more  questions 
— ^'How  is  SSB  transmitted?"  and  "How  is 
SSB  received?*— will  wrap  the  subject  up 
neatly. 


At  the  beginning  it  must  be  emphasized 
that  the  discussion  here  is  not  intended  to 
be  exhaustive  in  detail:  manv  times  the  avaU- 
able  space  would  be  required  for  that.  It 
will,  however,  more  tlian  suffice  for  the 
examinations— and,  if  you're  interested,  will 
set  you  ofi^  on  the  track  of  those  not-yet-fully- 
answered   exhaustive   questions. 

What  Are  Sidehanch?  Before  we  can  begin 
to  answer  this  question,  we  must  define 
several  other  terms— such  as  "audio".  Any- 
thing our  ears  can  perceive  comes  to  us  as 
sound  waves  in  air  at  audio  frequency. 
These  sound  (pressure)  waves  correspond 
to  electrical  waveforms  of  the  same  relative 
intensities  and  absolute  frequencies.  An  elec- 
hical  sine-wave  applied  to  a  loudspeaker  pro- 
duces a  *pure**  audio  tone. 

Most  sounds  are  not  sine  waves  of  air 
pressure,  and  so  their  corresponding  electrical 
waveforms  are  not  sine  waves  cither.  A  some- 
what advanced  mathematical  theory  says, 
however,  that  any  waveform  which  is  not  a 
sine  wave  can  bo  proved  to  be  identical 
with  one  composed  of  many  dilferent  sine 
waves.  Because  of  this,  and  the  fact  that  it's 
not  hard  to  deal  with  sine  waves  mathematic- 
ally but  next  to  impossible  to  deal  witJi  any 
other  representation  of  the  waveforms  of 
soimd,  communications  engineers  for  several 
generations  have  spoken  of  sound  in  terms 
of  the  band  of  sine  WMves  represented  in  the 
Fourier  equivalent  of  the  actual  sound  wave- 
form. 

The  audio-frequenc)  band,  for  most  adults, 
ranges  from  a  low  end  between  15  and  50  Hz 
to  a  high  end  between  10  and  20  kHz,  Most 
of  the  actual  sound  energy  is  concentrated 
in  the  frequencies  below  1  kHz,  More  than 
20  years  ago,  researchers  in  acoustics  dis- 
covered that  speech  could  be  transmitted  ac- 
curately within  a  band  ranging  from  300  to 
3000  Hz;  this  is  now  considered  the  "normal" 
speech  bandwidth. 

Radiotelephone  transmissions  of  any  type, 
however,  do  not  trv  to  transmit  these  audio- 
frequency  waveforms  directly.  While  such 
waves  can  be  propagated  uith  huge  antennas 


82 


73  MAGAZINE 


I 


SPOT" 
FREQ 


INKER 


SPOT 
FftBO 
±BAND 


FftEO 
±BANO 


AMP 


RF 


MfXER 

SPOT 
FREO 
MIXES 

WITK 
SEDEBANDS 


TRANSMITTER 


RECEIVER 


Fig,  )•  This  simplified  diagram  shows  how  sound  waves  at  fhe  transmitter  are  converted  to  an  audio-fre- 
qyency  band,  then  mfsted  with  an  rf  spot  frequency  for  transmission  and  radiated.  At  the  receiver,  the 
process  Is  reversed,  resulting  in  new  sound  waves  which  are  essentially  duplicates  of  the  originals.  Same 
process  applies  to  all  radiotelephone  transmission;  details  of  the  mixing  vary  from  technique  to  technique. 
SS8,  for  instance,   eliminates  75%    of  the  transmitted    material   but  holds  all  information  content. 


and  megawatts  of  power,  the  process  is 
neither  efficient  nor  practical  All  phone 
operation  is  accomplished  by  translating  the 
audio  band  up  to  the  desired  spot  in  the  rf 
spectrum  for  transmission,  and  bringing  it 
back  down  to  audio  frequencies  for  the  bene- 
fit of  the  receiving  operator.  This  is  ac- 
complished by  the  "mixing'*  process  \a  hich  is 
also  the  heait  of  a  siiperhet  receiver. 

What  is  ''mixing"?  When  two  electrical 
waveforms  of  different  frequency  are  applied 
to  any  circuit  which  is  not  completely  free 
of  distortion,  more  than  two  waveforms  come 
out.  Among  the  "new"  waveforms  which 
emerge  is  one  which  represents  the  swn 
of  the  original  frequencies,  and  another 
which  represents  their  difference.  A  good 
mixer  will  have  no  other  outputs ^  a  poor 
one,  or  a  circuit  in  which  mixing  is  only 
incidental,  will  have  many  others,  including 
harmonics  of  each  of  the  original  signals 
and  of  each  of  the  outputs,  as  well  as  the 
sum  and  difference  products  between  each 
pair  of  outputs  taken  separately.  If  you 
imagine  this  as  being  quite  a  mess,  you  are 
absolutely   correct. 

If  one  of  the  original  waveforms  was  in 
the  rf  region  and  the  other  was  a  pure  sine 
wave  of  audio,  the  "sum"  will  be  a  new 
radio  frequency  above  the  original  rf  by  the 
frecjuency  of  tlie  original  audio,  and  tlie 
"difference"  \vi\\  be  a  second  new  radio 
frequency  w^iich  is  below  the  original  rf 
by  the  same  amount.  These  are  knoAvn  as 
"side  frequencies"  since  they  are  alongside 
the  original  rf  in  the  spectrum. 

If  the  audio  input  to  the  mixer,  however, 
was  a  "band"  type  of  signal  rather  than  a 
sine  wave,  then  the  "sum''  and  "difference" 
frequencies  will  also  occupy  bands  alongside 


the  original  rf,  rather  than  spot  frequency 
positions.  These  are  "sidc^bands",  and  every 
radiotelephone  signal  must  be  involved  with 
them,  since  they  and  they  alone  carry  the 
audio  information  to  tlie  receiver.  Even  FM 
has  its  sidebands,  surprising  as  that  may 
sound. 

At  the  receiver,  the  two  sidebands  and 
the  original  rf  "carrier"  are  applied  to  a 
detector  circuity  which  is  simply  another 
type  of  mixer.  The  rf  sidebands  and  the  rf 
carrier  again  undergo  a  mixing  process;  the 
''difference"  in  tliis  case  is  a  reproduction 
of  the  original  audio  waveform. 

Fig,  1  shows  the  process;  it  is  the  same  for 
BCB  disc  jockeys,  military  communications^ 
FM,  AM,  DX,  or  local  work.  In  every  case, 
the  audio  put  into  the  transmitter  is  con- 
verted into  rf  sideband  energ>^  the  rf  side- 
band transmitted  to  the  receiver,  the  received 
sideband  converted  back  to  an  audio-fre- 
quency  waveform^  and  the  waveform  finally 
converted   back   into   sound. 

What  Is  Meant  By  "Single  SidehancT 
Signah?  More  than  40  years  ago,  an  ingen- 
ious engineer  with  A.T.&T,  noticed  that  the 
mathematical  expressions  which  indicated 
that  sidebands  existed  also  showed  that  the 
two  sidebands  which  accompany  every 
"normal'  phone  signal  were  identical  in 
every  respect  but  one— their  frequency  and 
phase  relationship  to  the  original  "carrier" 
signal— and  that  this  one  was  a  simple  mirror- 
image  relationship- 

From  this,  he  reasoned  that  it  was  a  sheer 
waste  of  power  to  generate  and  transmit 
both  the  carrier  and  one  of  the  sidebands. 
A  single  sideband,  alone,  would  convey  all 
the  audio.  It  was  an  ambitious  tlieory— but 
when   it    worked   as   expected,    in    1927,    it 
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Fig*  2,  Spec+rum  views  of  original  audio 
band  and  resulting  transmiWed  RF  for  nor- 
mal AM  (fop),  DSB,  and  SSB,  asstimmg 
carrier  frequency  of  3805   kc  lor  all   three. 
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proved  for  the  first  time  that  the  sidebands 
actually  existed ,  and  also  established  the 
single-sideband  technique  for  radiophone 
com  munications . 

For  the  first  20  years  or  so,  single  sideband 
was  exclusively  a  commercial  technique. 
Getting  rid  of  the  carrier  and  especially  of 
the  unwanted  sideband  was  a  tricky  opera- 
tion; more  equipment  was  necessary  than 
most  hams  could  afford  in  those  days.  The 
only  reason  the  original  experiment  could 
succeed  was  the  very  low  transmitting  fre- 
quency used  (below  50  kHz),  at  which 
antenna  resonance  alone  provided  a  suffi- 
ciently sharp  filter  to  reject  the  unwanted 
sideband   and   prevent  its   radiation. 

However  by  1948  the  time  was  ripe,  and 
O.  G,  Villard  (vtdth  others)  put  W6YT,  the 
Stamford  University  club  station,  on  the 
air  with  SSB.  Within  a  few  weeks,  the  new 
technique  had  caught  on  natiomvide.  The 
*50s  saw  the  battle  of  the  sidebands  spread 
across  the  HF  bands,  and  by  the  early 
years  of  this  decade  SSB  was  even  a  standard 
operating  procedure  on  VHF  and  UHF 
bands. 

The  characteristic  of  an  SSB  signal,  tuned 
in  on  an  ordinary  receiver,  is  a  *T)onald 
Duck"  or  monkey-chatter  sound.  This  re- 
sults from  the  total  lack  of  a  "carrier"  sig- 
nal against  which  to  mix  the  sideband*  In- 
stead, the  sideband  mixes  with  its  own 
strongest  components,  or  \v4th  any  nearby 
carjier  that  happens  to  lie  in  the  AF  region 
around   the  sideband  itself. 

When  a  locally-supplied  "carrier"  from 
the  receiver's  BFO  is  provided,  however,  and 
the  receiver  is  carefully  timed,  there  is  the 
original  audio.  If  you  don't  like  the  tone  of 
the  other  guy*s  voice,  you  can  move  the 
tuning  just  a  trifle  and  shift  his  voice  an 
octave  or  more* 

Figs.  2  &  3  shows  the  spectrum  representa- 
tion of  the  original  audio  signal  (speech), 
this  same  audio  translated  to  rf  by  normal 
AM,  as  a  SSB  signal  (with  the  missing 
carrier  and  sideband  dotted),  and  as  re- 
covered in  the  receiver.  Both  perfect  timing 
and  mistuning  of  the  receiver  are  shown  in 
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Fig.    3,    to    illustrate    how    receiver    tuning 
affects  the  pitch  of  the  received  signal. 

The  important  thing  to  remember  about 
a  SSB  signal  is  that  it  is  the  audio  signal 
itself,  translated  directly  into  the  rf  spectrum. 
Conventional  AM  phone,  on  the  other  hand, 
is  a  ''coding"  of  the  audio  into  rl  The  SSB 
signal  cannot  be  permitted  to  suffer  distor- 
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Fig-  3-  Effect  of  receiver  mistuning  on  SSB  signal 
is  to  shift  pitch  of  all  parts  of  signal.  lOO-cycle  tttn- 
ing  error,  bottom,  makes  all  parts  of  signal  100  cps 
too  high.  This  is  small  error  for  high-frequency  por- 
tions, but  is  100-percent  error  for  lows.  Result  is  al- 
most unintelligible  signal.  With  OSB,  result  is  worse 
— some  of  wrong  sideband  gets  into  output, 

tion  at  any  stage  after  it  is  generated^  or  the 
individual  frequencies  witbin  the  band  will 
mix  with  each  other  to  create  sum  and 
difference  products  which  were  not  origin- 
ally present.  These  sum  and  difference  pro- 
ducts not  only  cause  annoying  and  illegal 
interference  to  other  operators  (who  know 
it  as  'T^uckshot")  but  can  themselves  mix 
with  each  other  to  introduce  additional  dis- 
tortion back  into  the  original  signal. 

The  single  sideband  signal  must  be  pro- 
tected against  distortion  from  the  time  it 
is  originally  generated  until  it  is  once  again 
returned  to  the  audio  range;  this  requires 
not  only  carefully  operated  linear  amplifiers 
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ill  the  transmitter,  but  specially  designed 
detector  circuits— product  detectors— in  the 
receivers.  Development  of  such  circuits  is 
one  factor  in  the  rapid  rise  to  prominence 
of  SSB. 

Ill  all  of  tills  discussion,  the  emphasis  has 
been  on  the  direct  electrical  differences 
which  mark  a  SSB  signal.  Were  these  the 
only  differences,  hardly  anyone  would  be 
lyilling  to  use  SSB.  These  direct  electrical 
differences,  however,  produce  some  startling 
operational  differences  which  make  SSB 
appear  almost  10  times  more  powerful  under 
difficult  operating  conditions  than  ordinary 
phone  at  its  best. 

One  of  the  differences  is  the  fact  Ihat  since 
only  one  sideband  is  transmitted,  only  half  the 
spectrum  is  necessary.  This  tends  to  reduce 
interference  between  competing  signals,  and 
permits  use  of  extremely  selective  receiving 
techniques  wliich  also  combat  interference, 
A  second  difference  also  due  to  the  presence 
of  only  one  sideband  is  the  fact  that  all  the 
legal  power  is  carrying  voice;  in  conventional 
AM 5  only  half  the  legal  power  is  carrying 
voice— and  that  half  is  split  between  two 
essentially  identical  signals.  In  other  words, 
a  SSB  transmitter  can  put  out  around  700 
watts  of  talkpower  on  the  average.  While 
an  AM  rig  can  produce  only  an  effective  175 
watts  or  so.  All  the  rest  of  the  power  in  the 
AM  signal  is  either  furnishing  carrier  or 
duphcating  this  175  watts  of  effective  voice 
power. 

Probably  the  greatest  advantages  offered 
by  SSB,  tliough,  is  its  ehmination  of  the 
steady  carrier  signal.  This  signal,  in  AM 
operation,  is  essentially  the  same  strength 
as  would  be  produced  by  the  same  trans- 
mitter operating  CW  with  the  key  held 
d(nvn.  It  has  approximately  4  times  the 
power  of  the  accompanying  voice  sidebands. 
Two  AM  stations  of  approximately  equal 
strength,  operating  2  to  3  kHz  apart, 
will  drown  each  other  out  with  a  beat  note 
equal  in  frequency  to  tlieir  frequency  separa- 
tion. Two  SSB  signals  of  equal  strength  at 
the  same  spacing  cause  little  interference  to 
each  other;  an  operator  listening  to  one  will 
h(ear  the  other  only  as  superimposed 
"monkey  chatter"  on  top  of  an  intelligible 
si;^al. 

Ehmination  of  the  carrier  and  eoncentra* 
tion  of  all  the  power  into  the  single  sideband 
offers  a  few  more  bonuses,  and  these  are 
important  from  a  legal  (licensing)  stand- 
point as  well  as  for  general  operation.  The 


exact  power  of  a  SSB  signal  at  any  instant 
is  determined  by  the  voice  waveform  which 
it  is  carrying,  since  the  signal  is  the  voice 
w^aveform  translated  up  into  rf.  Our  voices 
range  from  no  sound  at  all,  during  pauses 
between  words,  up  to  rather  explosively 
intense  sounds  as  those  which  form  the 
w^ords  *T)oy^^  or  "plow'*.  The  power  level  of 
the  SSB  signal  at  its  most  intense  or  **peak** 
value  is  known  as  the  "peak  envelope 
power". 

You  cannot  read  the  peak  envelope  power 
of  an  SSB  signal  from  any  meter,  since  the 
meters  respond  far  too  slowly.  If  you  moni- 
tor power  output  of  a  transmitter  with  an 
oscilloscope,  you  can  measure  peak  envelope 
voltage  and  from  this  reading  calculate  the 
power- 
FCC  regulations,  however,  require  that 
power  input  to  an  amateur  transmitter  be 
detemiined  by  metering  the  voltage  and 
current  appHed  to  all  stages  which  deliver 
power  to  the  antenna.  They  recognize  that 
dc  meters  cannot  respond  to  the  variations 
in  level  of  a  SSB  signal,  which  are  due  to 
the  variations  in  sound  intensity  of  your 
voice. 

For  this  reason,  the  regulations  state  that 
the  maximum  power  input  as  read  by  meters 
having  a  "3^-second  time  constant"  shall 
never  exceed  1000  watts.  The  key  phrase 
is  "}4-second  time  constant",  and  that  includes 
almost  all  high-quality  meters*  It  means 
that  when  voltage  or  current  changes,  the 
meter  reading  will  follow  it  within  Ji  second 
Thus  the  meter  needle  never  keeps  up  with. 
the  voice  peaks,  but  does  record  average 
rather  than  peak  power. 

The  ratio  of  peak  envelope  power  to 
average  power  in  a  SSB  signal  depends 
primarily  on  the  characteristics  of  the  opera- 
tor's own  voice,  and  may  range  from  about 
1.2-to  1  up  to  more  than  2r-to-l.  If  your 
voice  is  such  that  the  ratio  is  2  to  1,  then 
you  will  be  able  to  produce  a  legal  2000 
watts  of  peak  input  power  wlule  the  average 
upon  which  the  regulations  are  based  re- 
mains within  the  hmits.  If  your  voice  pro- 
duces a  1.2  to  1  ratio,  you  can  get  only  1200 
watts  peak  input  while  remaining  in  the  legal 
kilowatt  Hmit. 

This  is  a  notable  bonus  for  SSB  operation 
when  compared  to  either  CW  or  AM  opera- 
tion. A  CW  transmitter  is  not  permitted  to 
run  more  than  1000  watts  input  under  key- 
down  conditions.  This  Umits  its  peak  input 
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power  to  1000  watts  regardless  of  the  aver- 
age; when  sending  a  string  of  mostly^  dits, 
the  average  pow  er  would  be  about  500  watts. 
An  AM  transmitter  is  limited  to  1000  watts 
input  in  the  absence  of  modulation.  Addition 
of  100%  modulation  brings  the  peak  input  up 
to  1500  watts  (1000  watts  carrier  and  500 
watts  in  the  sidebands,  contributed  by  the 
modulator)  but  this  is  still  less  than  the  pos- 
sible 2000  watts  with  SSB,  Especially  when 
you  consider  that  only  250  of  the  AM  rig's 
1500  watts  are  useful  and  the  rest  are  mere- 
ly tagging  along  for  tlie  ride. 

Despite  the  possible  4'to-l  advantage  in 
peak  powder  enjoyed  by  SSB  in  comparison 
with  CW,  the  dits  and  dalis  retain  the  advan- 
tage of  maximum  transmission  range.  This 
comes  about  because  CW  may  be  received 
with  only  50  Hz  bandwidth  ia  the  receiver, 
while  SSB  requires  a  minimum  of  2,7  kHz, 
some  540  times  as  great.  The  4'to-l  power 
advantage  is  cancelled  out  exactly  when  CW 
is  received  with  a  675-cps  bandwidtli.  Cut- 
ting that  bandwidth  in  half  gives  CW  a  24o-l 
advantage  in  effective  received  signal 
strength,  and  each  additional  halving  of  band- 
width doubles  CW's  power  advantage. 

For  voice  operation,  tliough,  no  other  tech- 
nique can  approach  SSB's  effectiveness.  The 
nearest  competitor  is  wide-band  FM,  which 
requires  receivers  even  more  specialized  than 
those  for  SSB  and  is  also  illegal  on  the  HF 
bands. 

How  Are  SSB  Signals  Generated?  Single 
sideband  signals  may  be  generated  in  any 
of  three  ways.  The  two  most  common  meth- 
ods are  by  filtering  out  the  unwanted  side- 
band, and  by  phasing  out  of  unwanted  com- 
ponents. The  other  method,  known  only  as 
"the  third  method''^  combines  parts  of  both 
the  filter  and  phasing  techniques,  and  is  so 
critical  in  operation  that  it  is  almost  never 
used. 

Regardless  of  the  method  used^  the  starting 
point  is  always  an  rf  signal  which  is  modu- 
lated by  the  audio  which  is  to  be  transmitted. 
Normally,  tlie  carrier  is  eliminated  during  the 
modulation  process  by  use  of  a  'iDulanced 
modulator**.  This  is  a  circuit  which  accepts 
as  its  inputs  an  rf  signal  and  an  audio  signal, 
one  of  which  is  api^hed  in  push-pull  and  the 
other  of  which  is  applied  in  parallel,  and 
from  which  output  is  taken  in  puslvpuU.  The 
resulting  phase  reversals  of  the  rf  signal  as 
it  mixes  with  the  audio  signal  cancel  out  tlie 
constant-phase  carrier  component  and  leave 
only  the  two  sidebands 


In  die  "phasing*'  method,  not  one  but  two 
balanced  modulators  are  employed.  The  rf 
signal  is  phase-shifted  by  90  degrees  bet\veen 
the  oscillator  and  one  of  the  balanced  modu* 
lators,  and  is  applied  to  the  other  modulator 
without  any  phase  slufting.  Similarly,  the 
audio  signal  is  shifted  in  phase  by  90  degrees 
before  its  application  to  one  of  the  modulat- 
ors, and  is  applied  to  the  other  with  no  phase 
modification.  Phase  relationships  in  the  mod- 
ulator circuits  make  one  pair  of  sidebands 
(either  both  lowers  or  both  uppers)  identical 
in  phase  at  the  outputs,  while  the  other  (un- 
w^anted)  pair  is  180  degrees  out  from  each 
odier.  The  unwanted  signals  then  beat  each 
other's  einrgy  out,  while  the  desired  side- 
band components  assist  each  other  on  through 
the  transmitter.  Either  pair  can  be  selected 
by  reversing  connection  of  the  two  axidio 
paths  to  the  two  balanced  modulators.  Fig.  4 
shows  a  block  diagram  of  diis  "phasing" 
technique. 

In  die  **filter*'  metliod,  tlie  rf  signal  is  ap- 
plied to  only  one  balanced  modulator.  The 
resulting  double-sideband-less-carrier  signal  is 
passed  through  an  extremely  sharp  filter 
which  passes  only  one  of  the  two  sidebands. 

In  the  *  phasing"  technique,  the  original  rf 
signal  can  be  at  any  frequency  fjom  the  low 
if  region  up  to  VHF,  and  the  only  part  of 
the  generator  which  requires  adjustment  (be- 
sides, of  course,  the  various  timed  circuits) 
is  the  rf  phase-shift  network.  In  the  "filter'' 
technique,  though,  the  original  rf  signal  must 
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Pig.  4*  Block  diagram  of  phasing  method  of  gener- 
ating SSB  signal.  Wi+h  phase  relationships  as  shown, 
lower  sideband  signal  is  generated:  to  get  upper 
sideband,  move  either  [buf  not  both)  phase-shift  net- 
work to  feed  opposite  itiodulator.  Success  depends 
upon  careful  adjustment  of  all  controls;  up  to  40  db 
suppression  can  be  obtained  but  30  db  is  more  usual 
figure  in  practice. 
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with    phasing    methodi    but    careful    operation    is    still  necessary. 


be  at  such  a  frequency  that  the  desired  side- 
band  matches  the  passband  of  the  filter  rather 
precisely.  Early  filter  techniques  could  not 
achieve  the  required  selectivity  at  frequen- 
cies very  much  above  the  audio  range— one 
of  the  first  popular  SSB  filters  operated  at 
17  kHz!  Mechanical  filters  raised  the  fre- 
quency up  to  the  normal  if  region  around  455 
kHz,  and  development  of  crystal  lattice  net- 
works has  since  raised  the  filter  frequency  as 
high  as  9  MHz.  Regardless  of  the  frequencyj 
it  is  fixed  for  any  one  generator  by  the  filter 
frequency.  In  practice,  phasing  units  are  usu- 
ally also  adjusted  at  fixed  frequency. 

Since  the  signal  is  at  a  fixed  frequency 
when  the  carrier  and  unwanted  sideband  are 
shaved  off,  some  means  of  moving  it  to  the 
desired  operating  spot  must  be  provided  in 
any  practical  generator*  This  normany 
consists  of  a  stable  VFO  and  a  mixer  which 
is  very  like  a  receiver*s  product  detector.  Out- 
put of  the  mixer  is  then  amplified  as  much 
as  desired  (or  to  the  legal  limit)  by  linear 
amplifiers.  Fig.  5  shows  a  block  diagram  of  a 
typical  filter-method  SSB  generator  including 
the  VFO  and  mixer  stages. 

The  VFO  and  mixer  operate  to  transform 
the  SSB  signal  to  some  other  part  of  fJbe  rf 
spectrum  in  fust  the  same  way  as  a  normal 
modulator  or  a  receiver's  mixer  move  audio 
up  to  rf  or  vice  versa.  The  mixer  in  a  SSB 
generator  is  operated  with  particular  care 
so  that  no  distortion  products  are  introduced, 
but  the  output  always  contains  both  original 
input  frequencies^  their  sum,  and  their  dif- 
ference. The  "sum"  frequency  has  the  same 
characteristics  as  the  original  SSB  signal,  but 
the  "diflFerence**  frequency  is  inverted  and 
becomes  the  "opposite"  sideband.  One  of 
the  favorite  frequencies  for  generation  of  a 
SSB  signal  in  the  early  days,  and  one  which 
is  still  widely  used,  is  9,0  MHz.  This  permits 


a  sum  output  in  the  20-meter  band,  and  a 
difference  output  on  75  meters,  from  the  same 
5'Mc  VFO»  The  inversion  caused  by  using 
the  difference  frequency  is  the  reason  old- 
timers  on  SSB  considered  LSB  standard  on 
75,  and  USB  standard  on  20.  Anything  lower 
than  9  MHz  required  LSB,  and  anything 
above  USB.  With  improvements  in  operating 
and  construction  techniques  in  the  past  few 
years,  you  can  now  find  either  sideband  in 
use  on  either  band. 

How  Is  SSB  Transmitted?  Transmission  of 
a  SSB  signal  neither  begins  nor  ends  with 
generation  of  the  signal  itself.  Before  being 
applied  to  the  SSB  generator,  the  audio  is 
normally  shaped  for  maximum  effectiveness. 
Broadcast  quality  is  not  the  objective;  com- 
munications punch  is.  To  meet  this  end,  the 
banduddth  of  the  signal  is  usually  limited  to 
the  effective  300-3000  Hz  range.  Often,  some 
measure  of  volume  compression  is  applied— 
although  this  will  change  the  peak-to-average 
power  ratio,  by  trimming  the  peaks  back  and 
boosting  the  normally  weak  parts  of  the  syl- 
lables. 

For  the  phasing  method,  frequency  limit- 
ing  is  necessary;  the  phase-shift  networks 
operate  well  only  within  this  range.  In  the 
filter  technique,  the  Umiting  wiD  be  done 
by  the  filter  anyway.  Despite  this,  the  audio 
is  normally  shaped  at  an  earher  stage  in  order 
to  concentrate  power  where  it  will  be  used. 
Many  operators  begin  the  frequency-shaping 
at  the  microphone  by  using  a  mike  which 
responds  primarily  to  the  speech  range  and 
tends  to  reject  other  frequencies. 

The  processed  audio  signal  goes  into  the 
SSB  generator,  regardless  of  the  sideband- 
generation  scheme  employed,  and  a  SSB  sig- 
nal at  final  operating  frequency  comes  out. 
This  signal  is,  however,  rather  puny;  about 
the  most  produced  by  typical  SSB  generators 
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is  around  one  watt*  To  compete  with  the  big 
boys,  amplification  is  necessary* 

And  since  distortion  of  any  tj'pe  is  taboo 
with  SSB,  the  rf  ampUfier  used  must  be  of 
the  'linear"  variety.  Now  "linear*'  is  a  word 
with  almost  as  many  different  meanings  as 
it  has  users.  The  most  general  meaning  is 
"distortion-free".  Any  type  of  rf  ampHfier  can 
be  operated  in  a  manner  which  makes  it 
*Tinear"  in  this  sense,  but  some  t\^es  are  easi- 
er to  linearize  than  others. 

For  instance,  to  make  a  class  C  amplifier— 
typical  of  AM  and  CW  final  stages— operate 
as  a  linear,  considerable  special  circuitry  and 
careful  adjustment  is  necessary.  The  net  ef- 
fect is  a  sort  of  cross  between  an  amplifier 
and  a  modulator,  but  it  can  be  made  to  do  a 
good  job  if  you  have  enough  patience*  The 
technique  has  been  described  in  detail  else- 
where; the  idea  here  is  to  look  at  all  the  lin- 
ear amplifier  techniques  but  none  in  extreme 
detail 

A  properly  adjusted  class  B  amplifier— an 
amplifier  which  is  operated  exacdy  at  the 
cutoff  voltage— will  reproduce  the  envelope 
and  frequency  content  of  a  SSB  signal  with- 
out distortion,  and  so  it  too  is  linear. 

The  class  A  amplifier— one  in  which  plate 
current  is  never  cut  off  during  the  operating 
cycle— is  easiest  of  all  to  make  linear.  If 
grid  bias  is  adjusted  so  that  plate  current 
remains  constant  through  the  syllable  cycle, 
and  if  drive  to  it  is  kept  within  bounds,  it's 
difiieult  to  make  one  of  these  distort.  Un- 
fortunately, only  about  20  to  25  percent  of 
the  dc  power  comes  out  as  rf,  so  theyVe  not 
the  most  efficient  approach  to  the  problem. 

Most  transmitter  designers  settle  for  the 
class  ABj  approach.  This  is  an  amplifier  ad- 
justed to  operate  midway  between  class  A 
conditions  and  those  for  class  B;  no  grid 
current  flows,  and  plate  current  rarely  is  re- 
duced to  cutoff  (never  in  a  properly  operat- 
ing design),  but  plate  current  does  vary 
tiirough  the  cycle.  With  no  signal  input, 
most  amplifiers  of  this  t>pe  are  adjusted  to 
dissipate  the  maximum  power  possible  with- 
in the  tube  ratings.  As  signal  is  applied,  plate 
current  rises— but  dissipation  decreases.  Even- 
tually^ with  continually  increased  input,  the 
point  is  reached  at  which  additional  input 
results  only  in  distortion  rather  than  in  in- 
creased  output.  Normally,  though,  grid  cur- 
rent is  drawTi  just  before  this  point  is  reached. 

The  fact  that  most  class  ABj  amplifiers 
are  still  distortion-free  when  grid  current 
sets  in  can  be  used  to  advantage  in  the  **au- 


tomatic  load  control"  circuit  which  has  gained 
wide  popularity.  In  the  speech-processing 
portion  of  the  transmitter,  a  compressor  cir- 
cuit is  included.  The  control  signal  for  this 
compressor  is  taken  by  rectifying  and  ampli- 
fying the  "hash'*  which  appears  in  the  final 
grid  circuit  as  the  grid  draws  current.  Thus 
when  grid  current  appears,  a  control  signal 
is  applied  to  the  compressor  to  reduce  the 
input  signal  leveL  This  negative  feedback 
prevents  distortion  by  automatically  reduc- 
ing drive  whenever  the  input  signal  level  is 
excessive.  Of  course,  like  all  **automatic" 
devices,  it  can  be  overloaded— but  used  witli 
some  intelligence,  it  is  a  powerful  aid. 

The  main  factor  which  prevents  distortion 
when  the  SSB  signal  is  amphfied  in  the  trans- 
mitter, however,  is  the  proper  tuning  and  ad- 
justment of  the  amplifier  stage.  All  adjust- 
ments must  be  on  the  nose  for  proper  per- 
formance; sloppiness  which  would  never  be 
noticed  with  most  AM  or  CW  rigs  results  in 
a  SSB  signal  which  fills  the  band  with  ^'buck- 
shot"  and  can  rapidly  earn  you  a  pink  ticket 
for  spurious  radiation. 

Grid  bias  must  be  at  the  proper  leveL  Too 
much  will  result  in  intermodulation  (third- 
order)  distortion,  and  too  little  will  restrict 
the  amphfier's  abiUty  to  handle  liigh-level 
signals.  Drive  must  also  be  proper-  Too  little 
hurts  only  your  output  power;  too  much  re- 
sults in  flat- topping  and  consequent  splatter- 
ing over  the  spectrum.  Couphng  to  the  load 
(either  next  stage  or  antenna)  must  be  cor- 
rect, so  that  the  load  reflects  the  proper  im- 
pedance back  to  the  ampHfier  plate.  All  of 
these  adjustments  interact  strongly  with  each 
other.  As  a  result,  the  only  way  to  be  sure  of 
proper  operation  is  to  tune  up  with  an  oscillo- 
scope* 

To  time  up  with  a  scope,  connect  the 
scope  to  the  transmitter  output  (through  a 
coupling  h'nk,  not  direct)  and  apply  a  two- 
tone  test  signal  to  the  input.  With  a  phasing 
rig,  all  you  need  do  is  insert  carrier.  With  a 
filter  rig  it  is  often  easier  to  apply  two  sine 
waves  of  difi^erent  frequency  to  the  mike  jack. 
The  scope  should  display  a  perfect  bow-tie 
pattern  if  operation  is  correct.  Too  much  bias 
makes  the  diagonals  of  the  bow-tie  concave. 
Too  little  bias,  or  too  much  drive,  flattens  the 
peaks-  Too  little  loading  makes  the  diagonals 
concave.  For  additional  details  on  interpreting 
the  pattern,  refer  to  any  of  the  SSB  hand- 
books. The  important  point  to  remember  at 
this  stage  is  that  SSB  signals  may  be  ampli* 


88 


73  MAGAZINE 


\ 

RF    [mixer 

* 

-► 

IF 

-► 

DET 

-^ 

AUDIO 

'^ 

4 

osc 

BFO 

{A) 

Fig.  6.  Block  diagrems  of  (A)  a  communications 
receiver  for  AM/CW  use  only  and  [B)  a  selec+abia- 
sideband   recefver  for  AM/SSB/CW  use* 


AM  DET 


J 


i 


PRODUCT 
DET 


1^ 


sapr BAf^  ,  ^Q 


T 


(B) 


fied  without  distortion  only  by  a  properly  de- 
signed and  properly  operated  ^linear"  ampli- 
fier. Either  poor  design  or  poor  operation  will 
introduce  distortion,  and  consequent  illegal 
operation. 

How  Is  SSB  Received?  Once  transmiiud, 
the  SSB  signal  must  be  received.  While  al- 
most any  receiver  can  be  used  (it's  a  matter 
of  record  that  one-tube  regenerative  **bloop- 
ers'*  have  successfully  copied  SSB),  most  op- 
erators consider  a  reasonably  good  superhet 
with  sharp  selectivity,  a  slow  tuning  rate,  and 
exceptionally  stable  oscillators  the  minimum 
for  serious  SSB  use. 

Importance  of  stability  is  directly  due  to 
the  small  margin  of  error  for  reinsertion  of  the 
suppressed  carrier;  a  mistake  of  as  little  as  20 
Hz— that's  tlie  same  tolerance  broadcast-band 
commercial  stations  must  keep— is  clearly  aud- 
ible. Much  more  scrambles  the  voice  be\'ond 
recognition.  The  slow  tuning  rate  is  impor- 
tant for  the  same  reason;  a  jeweler ^s  delicate 
touch  can  substitute  for  this,  though* 

The  selectivity  is  necessary  in  order  to  take 
advantage  of  the  capability  present  in  the 
SSB  signal.  If  the  receivers  acceptance  band 
can  be  trimmed  down  to  just  the  A\idth  of  the 
one  sideband  in  which  you're  interested, 
then  all  possibly  interfering  signals  near  the 
sideband  but  not  actually  in  it  will  be  re- 
duced or  elitninated.  Such  a  receiv^er  is  knowm 


as  a  ^'selectable  sideband"  receiver  since  it 
can  select  either  sideband  of  a  normal  AM 
signal. 

A  selectable  sideband  receiver  can  receive 
any  type  of  signal  which  can  fit  within  its 
3-kHz  passband;  it  is  not  limited  to  just  sin- 
gle sideband  signals.  The  selectable  sideband 
receiver  can  receive  CW,  SSB,  DSB  (double 
sideband  suppressed  carrier),  or  AM  signals 
interchangeably.  It  maij  be  able  to  receive 
narrow-band  FM  or  PM  signals  as  well,  al- 
though as  a  iTiIe  special  detector  circuits  are 
necessary  for  these  "angle-modulated"  (FM 
or  PM)    signals. 

Whether  SSB,  DSM,  or  AM  signals  are 
being  received  on  such  a  receiver,  the  tecli- 
nique  is  similar.  The  receivers  BFO  is  ad- 
fusted  to  a  point  just  outside  one  edge  of  the 
passband,  and  the  receiver  is  then  carefully 
tuned  until  the  signal  becomes  intelligible, 
H  an  AM  signal  is  being  received,  the  receiv- 
er is  timed  for  zero-beat  (or  the  BFO  may 
be  turned  oflF).  This  effectively  shaves  the 
unwanted  sideband  from  a  DSB  signal,  turn- 
ing it  into  an  SSB  signal  at  the  receiver  in- 
stead of  at  tlie  transmitter. 

CW  signals  are  tuned  in  by  the  same  meth- 
od except  that  the  BFO  may  be  adjusted  to 
some  other  point  on  the  passband,  depending 
upon  your  own  personal  preference  in  beat- 
note  pitch ^  Some  operators  like  relatively 
liigh  notes,  around  1  kHz.  while  others  prefer 
low  pitches,  from  50  to  200  Hz. 

A  good  AGC  sy^stem  is  also  essential  in  a 
receiver  for  SSB  use,  since  the  signal  varies 
at  such  a  rapid  rate.  Normal  AVC  won't  work 
right;  it  cuts  in  and  out  far  too  rapidly,  pro- 
ducing a  ''thump"  each  time  it  cuts  in  and 
permitting  noise  to  roar  up  between  syllables 
of  a  word.  For  sideband  use,  a  "fast- attack** 
^'slow-release"*  system  is  necessary;  this  one 
acts  rapidly  when  signal  strength  increases, 
but  holds  gain  down  for  some  time  after  the 
signal  goes  down  (as  long  as  1  second  in 
many  cases).  This  permits  the  receiver  gain 
to  match  the  average  rather  than  the  peak 
levels  of  the  SSB  signal 

Selectivity,  stability,  slow  tuning,  and  good 
AGC  are  all  essential  to  SSB  reception.  Yet 
all  of  these  are  wasted  for  long-session  use 
unless  the  actucd  detector  circuit  of  the  re- 
ceiver is  properly  designed.  Today's  receiv- 
ers almost  invariably  include  '^product  de- 
tectors" for  SSB  use;  the  older  breed,  which 
is  still  with  us  in  large  numbers,  did  not. 

The  product  detector  is  simply  a  name  for 
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a  type  of  low-distortion  mixing  circuit  which 
accepts  two  radio  frequencies  (normally  the 
if  and  the  BFO)  and  produces  only  the  sum 
and  difference  outputs,  without  adding  inter- 
modulation  distortion  or  other  forms  of  gar* 
bage  to  the  audio  output. 

By  contrast,  the  older  diode  or  peak  enve- 
lope detectors  produced  distortion  levels  as 
high  as  15%  of  the  audio  signal  itself.  This 
difference  didn't  have  much  effect  during 
short  listening  sessions— but  during  contest 
operation,  for  instance^  it  made  the  difference 
between  keeping  the  top  of  your  head  in 
place  and  blowing  it  clean  off  your  scalp! 

To  sum  up  reception  requirements  for  SSB, 
Figure  6  shows  block  diagrams  of  (A)  a  com- 
munications receiver  for  AM/CW  use  only 
and  (B)  a  selectable-sideband  receiver  for 
AM/SSB/CW  use  Note  that  the  sideband 
receiver  contains  all  the  required  functions 
for  the  other  two  types  of  reception,  and 
merely  adds  a  few  new  ones* 

Next:  One  of  the  most  important  areas 
of  any  license  exam  deals  with  transmitter 
design  and  adjustment  techniques.  Next 
time  we'll  get  into  the  first  of  three  looks 
at  this  key  subject.  Don't  go  away  ,  .  . 
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A.R.R.L.  Phonetic  Alphabet! 

Where  To  Buy! 

Great  Circle  Bearings! 

Internationar  Postal 
Information! 

Plus  much  more! 


BROCMUHf 


RADIO  AMATEUR 


lib 


k 


INC., 

Dept.  B,4844  W.  Fullerton  Ave. 
Chicago,  III.  60639 


■»t^*«fe?.5f-' 


90 


73  MAGAZINE 


I 


WE  REALLY  CAN'T  SERVICE  BY  MAIL 
BUT  WE  CAN  BY  PARCEL  POST 

We.  want  to  thank  the  fellows  that  wrote  to  us  in  response  to  our  ad  in 
73.  The  mail  has  been  heavy  and,  to  our  surprise,  from  all  over  the  country. 

Some  fellows  wrote,  giving  the  symptoms  of  their  equipment  and  asking 
what  might  be  done  to  fix  it.  We  can  fix  anything  we  can  get  our  hands 
on^  but  diagnosis  by  mail  is  beyond  us.  Perhaps  the  Technical  Advisory 
Group  of  73  can  help  with  tliis. 

THE  PROCEDURE 

1.  Pack  up  the  equipment  you  want  repaired,  calibrated  or  aligned. 
Include  all  cables,  accessories,  instruction  books,  schematics^  probes, 
or  whatever.  Include  also  a  description  of  what  is  wrong.  This  can 
save  a  lot  of  time. 

2.  Ship  the  works  to  us.  Insure  it. 

3.  We  will  take  a  close  look  at  it  and  send  you  a  written  estimate 
of  the  repairs  needed  and  the  cost  This  estimate  will  not  be  exceeded. 

4.  When  we  get  the  go  ahead  from  you  we  wiU  service  your  equip- 
ment, bill  you  for  it,  and  return  it.  In  no  case  will  the  bill  be  for  more 
than  the  estimate*  In  most  cases  it  wiU  be  less. 

5.  Our  work  is  guaranteed.  If  we  don't  do  what  we  said  we'd  do 
then  we'U  make  it  right  at  no  further  charge  to  you. 

If  youVe  got  sometHfng  that  needs  fixing  why  not  bundle  it  up  and  send  it  to  us 
for  repairs?  We  charge  ham4ype  prices  for  fixing  ham  gear.  We  can  not  only  get 
your  rig  working  again,  we  can  align  your  receiver,  perk  up  your  transnfiitter,  find  and 
replace  any  weak  tubes  or  transistors^  calibrate  your  receiver  and  test  equipment^ 


Have  you  blown  that  meter  on  your  VOM? 

Is  your  receiver  making  strange  noises? 

fs  your  transmitter 
giving  you  troubles? 


Receivers  should  be  aligned 
at  least  every  two  years. 

Your  two-way  mobile  giving  miseries? 

Your  CB  rig  need  help? 


We  are  an  authorized  distributor  for  Cushcraft  antennas,  for  Rohn  tovi^ers  and 
AR  speakers-  You  really  should  call  us  for  prices  on  these. 


Test  Equipment 
We  iUY  — SELL— RENT 


LEASE 


LEGER  LABORATORIES 


Groton  Street,  East  Pepperell,  Mass.  01437 


Phone  617-433-6771 
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Technical  Aid  Group 


If  you  have  a  question  which  can  be 
answered  adequately  through  the  mail, 
look  through  the  following  list  of  TAG 
members  and  write  to  one  whose  specialty 
covers  your  problem  area.  Be  sure  to  ex- 
plain your  problem  clearly  and  write  leg- 
ibly. Enclose  a  Self  Addressed  Stamped 
Envelope  for  a  reply.  Do  not  ask  a  mem- 
ber to  design  a  piece  of  equipment  for  you. 
The  purpose  of  this  group  is  to  assist  the 
ham  with  problems  he  encounters  in  the 
course  of  building  or  trouble  shooting* 

John  Allen,  KIFWF,  high  school  student, 
51  Pine  Plain  Road,  Wellesley,  Mass.  02181, 
HF  and  VHF  antennas,  VHF  transmitters 
and  converters,  AM,  SSB,  product  data,  and 
surplus. 

Bert  Littlehale,  WAIFXS,  47  Cranston 
Drive,  Groton,  Conn.  06340.  Novice  trans- 
ceivers, test  equipment  and  homebrew  pro- 
jects gone  wrong. 

Bob  Groh  WA2CKY,  BSEE,  123  Anthony 
Street,  Rochester,  New  York  14619.  Special- 
izes in  VHF/UHF  solid-state  power  ampli- 
fiers, but  will  be  glad  to  make  comments 
on  any  subject 

Jim  Ashe  W2DXH,  R.D.  1,  Freeville,  New 
York.  Test  equipment,  general, 

G.  H.  Krauss,  WA2GFP,  BSEE,  MSEE, 
70-15  175  Street,  Flushing,  New  York  11365, 
Will  answer  any  questions,  dc  to  microwave, 
state-of-the-art  in  all  areas  of  communica- 
tions circuit  design,  analysis  and  use.  Offers 
help  in  TV,  AM,  SSB,  novice  transmitter 
and  receivers,  VHF  antennas  and  convert- 
ers, receivers,  semiconductors,  test  equip- 
ment, digita]  techniques  and  product  data. 

Charles  Marvin  W8WEM,  3112  Lastmer 
Road,  RFD  #1,  Rock  Greek,  Ohio  44084. 
Will  help  with  any  general  amateur  prob- 
lems, 

Stix  Borok  WB2PFY,  high  school  student, 
209-25  18  Avenue,  Bayside,  New  York 
11360-  Novice  help, 

Clyde  Washburn  K2SZC,  1170  Genesee 
Street,  Building  3,  Rochester,  New  York 
14611,  TV,  AM,  SSB,  receivers,  VHF  con- 
verters semiconductors,  test,  general,  prod- 
uct data. 


Richard  Tashner  WB2TCC,  high  school 
student,  163-34  21  Road,  Whitestone,  New 
York  11337.  Generd, 

J.  J.  Marold  WB2TZK,  01  Division,  USS 
Manseeld  DD278,  FPO  San  Francisco,  Cali- 
fornia 96601.  General. 

Ira  Kavaler,  WA2ZIR,  BSEE,  671  East 
78  Street,  Brooklyn,  New  York  11236,  SSB 
transmitting,  color  TV,  computer  program- 
ming and  systems,  digital,  radio  and  remote 
control,  rf  transmission  lines,  dipole  design, 
audio  amplifiers,  linear  and  class  C  rf  ampli- 
fiers. 

Fred  Moore,  W3WZU,  broadcast  engineer, 
4357  Buckfield  Terrace,  Trevose,  Pa.  19047. 
Novice  transmitters  and  receivers,  HF  and 
VHF  antennas,  VHF  converters,  receivers, 
AM,  SSB,  semiconductors,  mobile  test  equip- 
ment, general,  product  data,  pulse  tech* 
rdques,  radio  astronomy,  bio-medical  eiec- 
tronics. 

Theodore  Cohen  W9VZL/3,  BS,  MS,  PhD, 
261  Congressional  Lane,  Apartment  407» 
Roclcvdlle,  Maryland  20852.  Amateur  TV^ 
both  conventiona!  and  slow-scan, 

Walter  Simciak,  W4HXP,  BSEE,  1307  Bal- 
timore Drive,  Orlando,  Florida  32810.  AM, 
SSB,  Novice  transmitters  and  receivers,  VHF 
converters,  receivers,  semiconductors,  mobile, 
test-equipment^  general. 

James  Venable  K4YZE  MS,  LLB,  LLM, 
119  Yancey  Drive,  Marietta,  Georgia.  AM, 
SSB,  notice  gear,  VHF,  semiconductors,  and 
test  equipment, 

J.  Bradley  KeHPR/4,  BSEE,  3011  Fair- 
mont  Street,  Falls  Church,  Virginia  22042 
General 

Wayne  Malone  W4SRR  BSEE,  8624  Syl- 
van Drive,  Melbourne,  Florida  32901.  Gen- 
eral 

Bruce  Creighton  WA5JVL,  8704  Belfast 
Street,  New  Orleans,  Louisiana  70118,  Nov- 
ice help  and  general  questions, 

Douglas  Jensen,  W50G/K4DAD,  BA/ 
BS,  706  Hwy  3  South,  League  City,  Texas 
77573.  Digital  techniques,  digital  and  hnear 
IC's   and  their   applications* 

Louis  Frenzel  W5TOM,  BAS,  4822  Wood- 
mont,    Houston,    Texas    77045,     Electronic 
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Iceyers,  digital  electronics,  IC's,  commercial 
equipment  and  modifications,  novice  prob- 
lems, filters  and  selectivity,  audio. 

George  Daughters  WB6AIG,  BS,  MS,  1613 
Notre  Dame  Drive,  Mountain  View,  Cali- 
fomia.  Semiconductors,  VHF  converters,  test 
equipment,   general. 

Glen  H.  Chapin,  W6GBL,  3701  Trieste 
Drive,  Carlsbad,  Calif  92008.  HF  and  VHF 
antennas,  novice  transmitters  and  receivers, 
VHF  converters,  semiconductors,  receivers 
AM,  SSB,  general,  surplus. 

Tom  O'Hara  W60RG,  10253  East  Nadine 
Temple  City,  California  91780.  ATV,  VHF 
converters,  semiconductors,  general  ques- 
tions. 

Steve  Diamond  WB6UOV,  college  student. 
Post  Ofiice  Box  1684,  Oakland,  California 
94604.  Repeaters  and  problems  regarding 
legality  of  control  methods.  Also  TV,  novice 
transmitters  and  receivers,  VHF  antennas 
and  converters,  receivers,  semiconductors, 
and  product  data. 

Orris  Grefsheim  WA6UYD,  1427  West 
Parle,  Lodi,  California  95240.  TV,  HF  an- 
tennas, SSB,  VHF  antennas  and  converters, 
receivers,  semiconductors,  and  general  ques- 
tions. 

Hugh  Wells,  W6WTU,  BA,  MA  1411  18th 
Street,  Manhattan  Beach,  Calif.  90266.  AM, 
FM  receivers,  mobile  test  equipment,  sur- 
plus,   amateur   repeaters,    general. 

Howard  Krawetz  WA6WUI,  BS,  654 
Bamsley  Way,  Sunnyvale,  California  94087. 
HF  antennas,  AM  general. 

Carl  Miller  WA6ZHT,  621  St.  Francis 
Drive,  Petaluma,  Calif.  94952.  Double  side- 
band. 

Howard  Pyle  W70E,  3434-7th  Avenue. 
S.E.,  Mercer  Island,  Washington  98040. 
Novice    help. 

Ronald  King  K80EY.  Box  227,  APO 
New  York,  New  York  09240.  AM,  SSB, 
novice  transmitters  and  receivers,  HF  re- 
ceivers, RTTY,  TV,  test  equipment,  general. 

Charlie  Mamin  W8WEM,  3112  Latimer 
Road,  RFD  1,  Rock  Creek,  Ohio  44084. 
General  technical  questions. 

Michael  Wintzer  DJ4GA/W8,  MSEE,  718 
Plum  Street,  Miamisburg,  Ohio  45342.  HF 
antennas,  AM,  SSB,  novice  gear,  semicon- 
ductors. 


Roger  Taylor  K9ALD,  BSEEl,  2811  West 
WiUiams,  Champaign,  Illinois  61820.  An- 
tennas, transistors,  general. 

Michael  Burns  Jr.  K9KOI,  700  East  Vir- 
ginia Avenue,  Peoria,  Illinois  61603.  AM, 
SSB,  receivers,  transmitters,  digital  tech- 
niques,  novice  help,  general. 

Jim  Jindrick  WA9QYC.  801  Florence 
Avenue,  Racine,  Wisconsin  53402.  Novice 
transmitters  and  receivers,  general. 

John  Perhay  WA0DGW/WA0RVE,  RR 
#4,  Owatonna,  Minnesota  55060.  AM,  SSB, 
novice  transmitters  and  receivers,  HF  re- 
ceivers, VHF  converters,  semiconductors, 
mobile^  product  data,  general.  Has  access 
to  full  specifications  on  almost  all  standard 
components  presently  catalogued  by  Amer- 
ican manufactiirers. 

David  D.  Felt  WA0EYE,  television  engi- 
neer, 4406  Center  Street,  Omaha,  Nebraska 
68105.  Integrated  circuits,  transistors,  SCR's, 
audio  and  rf  amplifiers,  test  equipment, 
television,  AM,  SSB,  digital  techniques, 
product  data,   surplus,   general. 

Tom  Goez  K0GFM,  Hq  Co  USAMAC, 
Avionics  Division,  APO  New  York,  New  York 
O9028.  HF  antennas,  mobile,  airborne  com- 
munications equipment,  particularly  Collins 
and  Bendix  gear,  AM,  FM,  or  SSB-HF, 
VHF,  UHF,  general. 

Robert  Scott,  3147  East  Road,  Grand 
Junction,  Colorado  81501.  Basic  electronics, 
measurements, 

PFC  Grady  Sexton  Jr.  RAl  1461755, 
WA1GTT/DL4,  Helmstedt  Spt.  Detachment, 
APO  New  York  09742.  Help  with  current 
military  gear,  information  from  government 
Technical  Manuals. 

Sgt.  Michael  Hoff  WA8TLX,  Box  571, 
6937th  Comm.  Gp.,  APO  New  York  09665. 
Help  with  all  types  of  RTTY  both  com- 
mercial and  military.  Also  data  techniques. 
Covers  conversion  of  military  RTTY  equip- 
ment. 

Ediiardo  Noguera  M.  HKINL,  EE.  RE, 
Post  Office  Box  Aereo  774,  Barranquilla, 
Columbia,  South  America.  Antennas,  trans- 
mission lines,  past  experience  in  tropical 
radio  communications  and  maintenance,  HF 
antennas,  AM,  transmitters  and  receivers, 
VHF  antennas,  test  equipment  and  general 
amateur  problems.  Can  answer  questions  in 
Spanish  or  English. 
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IMPORTANT    ANNOUNCEMENT 

ALL  VANGUARD  CONVERTERS  NOW  USE 

RCA  DUAL  GATE  MOSFETS 
FOR  BOTH  THE  RF  AND  MIXER  STAGES 


¥ 


prices  start  at  $19.95 

The  performance  and  features  of  our  new  converters  are  so  spectacular  that  they  can 
only  be  fully  described  in  our  new  illustrated  catalog  which  Is  available  FREE.  Send 
for  it  today  and  see  our  entire  line  of  converters,  pre-annps  and  other  communications 
equipment, 

VANGUARD  now  makes  the  best  converters.  Buy  one  and  be  convinced. 


VANGUARD  LABS 


196-23  Jamaica  Ave.     Dept.  H 
Hallis,   NX   11423 


YOUR  CALL 

Please  check  your  address  label  and  make  sure 
that  it  is  correct.  In  cases  where  no  call  letters 
has  been  furnished  we  have  had  to  nrrake  one  up* 
If  yoy  find  that  your  label  has  an  EE3*&*  on  it 
that  means  we  don't  know  your  call  and  would 
appreciate   havinq   it* 


CORRECTION 

In  the  VHF  Remote  Control  article  (April, 
page  32)  please  change  the  35  second  tinner 
in  Figure  7  to  a  3.5  second  timer.  Also^  on 
the  voltage  control  relay,  connect  points  two 
and  three  with  a  jumper.  This  is  fairly,  bnt 
not  completely  obvious  from  the  diagram. 


D.  E.  Hausman,  VE3BUE,  54  Walter 
Street,  Kitchener,  Ontario^  Canada.  Would 
like  primarily  to  help  Canadians  get  their 
licenses.  Would  be  able  to  help  with  Novice 
transmitters  and  receivers. 

Frank  M.  Dick  WA9JWL,  409  Chester 
St.,  Anderson,  Indiana  46012.  Will  answer 
qxieries  on  RTTY,  HF  anteTinas,  VHF  anten- 
nas, VHF  converters,  semiconductors,  mo- 
bile,  general,  and  microwave, 

Gary  De  Palma,  WA2GCV/9,  P.O.  Box 
1205,  Evanston,  Ul.,  60204.  Help  with  AM, 
Novice  transmitters  and  receivers,  VHF 
converters,  semiconductors,  test  equipment, 
digital  techniques  and  all  general  ham 
questions. 


Arthur  J,  Pnitzman  K3DTL,  31  Maple- 
wood,  Dallas,  Pennsylvania  18612.  All  phases 
of  ham  radio*  Can  assist  with  procurement 
of  paits,  diagrams,  etc. 

William  G.  Welsh  W6DDB,  2814  Em- 
pire Ave.,  Burbank,  Calif.  91504,  Club  li- 
censing classes  and  Novice  problems. 

Ralph  J,  IracL .  Jr.,  WAIGEK,  4  Fox  Ridge 
Lane,  Avon,  Conn.  06001.  Help  with  No\rice 

transmitters  and  receivers  and  novice  theory. 

Iota  Tau  Kappa  Radio  Fraternity  W7YG, 
Multnomah  College,  1022  SAV,  Salmon  St*, 
Portland,    Oregon    92705.    This    group    of 

radio    amateurs   will    answer    any    technical 
questions  in  the  field  of  electronics. 
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GLOBAL  IMPORT  COMPANY 


TRANSKEY™ 

Still  Going  Strong 


Keyer 

and 

Monitor 


»29 
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Has  been  sold  around  the  world 
to  commercial  ehip  operators  and 
amateuiii.  The  new  Trans -Key 
(TM)  is  a  new  development  for 
ham,  radio  by  licensed  hams.  A 
highly  sensitive  relay  driven  by 
a  blocking  usciHator  offerinisf  var- 
iable speeds  fnjm  a  few  words  to  50  wpm, 
is  but  one  interesting  feature.  Thia  eliminates 
worries  about  voltag^e  polarity  or  potential. 
The  keyer  and  accompanyinfr  monitor  are  both 
penligrht  cell  powered  or  an  external  6  volt 
source  can  be  used.  The  key  contacts  are  ad- 
justable, A  single  switch  on  the  back  changes 
operation  from  automatic  (self  completing 
dots  and  dasher)  to  semi-automatic  or  "bug*' 
operation  (non-!?elf  completing').  No  rewiring' 
required  as  on  some  keyers.  Not  a  kit !  Ready 
to  operate  as  eode  practice  unit  or  with  rig  I 
Variable  tone  control.  Dimensions  of  keyer: 
3%  X  5%  X  1%"-  Keyer  set  weighs  2  lbs. 
Dot-space  ratio  adjustable. 


MYSTERY 
JET  WATCH 


KONITOR   separately  available  for 
code    practice «     Uses    one    penlight 

battery.    Has    tone    controL 


scgs 

J  * 


ONLY 


Mystery  jet  second  hand 
appears  to  he  sus- 
pended in  space.  Calen- 
dar watch  gives  date 
also.  Water  resistant, 
a  nti -magnetic.  A  real 
conversation  item.  Buy 
them  by  the  dozen 
cheaper  and  sell  or  give 
thena  away  !  Your  ama- 
teur radio  call  letters 
put  on  dial  for  addi- 
tional Jl*  One  year 
guarantee. 


« 


>«-v»<«r  ^*^■1^t!is^^^■.\f^**af:J^■Wi'rtrt^^^.-!>■v::l:^■.vi  j^flV^J- 


HAND  KEY  &  GAS  LIGHTER! 


All  handcrafted  with  base  of  Italian  black  or  white 
marble  and  a  box  of  walnut.  When  ordeHng  please 
Specify  color  base  desired.  The  key  can  be  used  for 
code  practice  with  a  high  pitch  buzzer  or  a  gas  lights 
The  key  and  its  base  sit  on  a  cigarette  box  and  is 
fitted  with  a  glass  cover  which  doubles  as  an  ash 
tray.  This  beautiful  hand  made  treasure  comes  from 
Japan. 


*24 


95 
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MONEY  BACK  GUARANTEE:  Return  any  item  in  good  condition 
with  ten  days  after  receipt  for  full  refund. 

•Please  include  $1  for  each  item  to  help  cover  postage  and  packing- 
California  residents  add  B%   sales  tax. 

NOTE:  The  Trans-Key  is  unconditionally  guaranteed  one  year. 
Nominal  service  charge  after  that.  All  keyers  are  serial  numbered. 
Distributors  wanted  on  all  items. 

Wrile  to  W6PHA,  GLOBAL  IMPORT  CO. 

CA  92630 


Box  246 


El  Toro 


PYRAMID  LAMPi 
LIGHT  UP  THE  HAM  TABLE 


6"  high  pyramid.  Telescopic 
arm  extends  15",  Turn  it  on- 
off,  hi  or  low*  Uses  standard 
GE  bulb.  No  need  to  heat  the 
whole  room.  Focus  light  where 
you  want  it.  Choose  your  color 
— Bright  red,  white,  blue, 
beige  or  green,  Wt.  about  2 
lbs! 


ONLY       $9^5( 


RADIO-THERMOMETER 
CLOCK-HUMIDITY 


17 


95 

it 


Novelty  combination — sus- 
pend on  wall  with  gold  col- 
ored chain^  on  stand  or  table* 
Round  maroon  plastic  cabi- 
net with  brass  colored  front 
rim.  In  one  unit  you  get  an 
alarm  clock,  a  thermometer, 
a  humidity  indicator  and  a 
six  transistor  radio*  Uses  a 
standard  9  v  battery. 
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MONOBEAMS 
FOR 
MORE 
DX  PUNCH 


Cush  Croft  Mofiobecinis  comb  me  superior  electricol  a  rid 
mechgntcol  features  wflh  the  best  qgoHty  moterioli 
ofid    workmanship. 

A28  3           10   meter,   3   element,   boom    10'  S3K95 

A28-4          10  meter,   4  efement,   boom    18^  42.95 

A21-3          15  meter,   3  erement,   boom   12'  39,95 

A21-4          ]5  meter,  4   element,   boom   22'  59.95 

A  14*2          20  meter,   2   element,   boom    10'  49.95 

A14-3          20   meter,   3  element,    boom  20^  77.50 


.M.PnMiMii 


¥¥¥T^"^P**^ 


THE  BIG  WHEEL 

HOI?  IZONT  ALLY     POLARIZED 
360=    GAIN    ANTENNA 
2   Meter     #ABW-144 
7    Bay    Slocking-    Kit 
4   Bay   Stocking   Kit 


sn.95 

3,95 
11.75 


VHIF.UHF  COLINEAR  ARRAYS 

Ughtwetght    High    Gain    Arttenno    Systems 

CL-116  2       meter,   16  element  $17,50 

CL'216  IV4  meter,    16  element  14.50 

CL-416  %  meter,   16  element  11.50 

32   &   64   Element   Stacking    Kits    Available 


■  pi  I  !■  HI  1 1  111  I  m^jpiy^^y^i|^w 


f-^^HWU^u^^^^iM 


iimrrpn::' 


MOBILE/I^IXED  SQUALO 

Squalo    IS    a    full    holf    vvave^    Hori-       -^^^TrTvC*^^^     i 
lontolly    poiorixed,    Qmni-directionoi         ^"^^<Jft   ^"'^ 


on  ten  no. 

ASQ*2     2  meter,  10^   square   S  9.95 

ASQ-22  2  meter  stocked  16,95 

ASQ  6     6  meter,  30^'   square::   13.95 


<^ 


^^^^^^^umima^ 


VHF/UHF 
YAGIS 


A 1 44- 1 1 
A 144-7 
A220O1 
A430O1 
AU4-20T 
A  50-3 
A  50-5 
A  50-6 
A  50^)0 
A  26-9 


2 
2 

Va 
2 
6 
6 
6 
6 
6  &  2 


Combine  a  II -oof  performance 
with  optimum  siie  for  eaiJ&  of 
assembly  «tnd  mounting  at  your 
sUe.  They  tion  be  mounted  ver- 
tfcoHy,  hortionteaMy,  in  pairs,  or 
quads. 


meter  11    element  $14,95 

meter  7  element  J  1.95 

meter  It   element  V2.95 

meter  11    element  10.95 

merer       Muht  |:iolortied  29.50 

meter  3  element  15.95 

meter              5  element  21.50 

meter  6  element  34.95 

meter  10  element  54.95 

meter  IQ  element  29,95 


"HAM  STIK 

MODEL   #HS-1 


ii 


6- 


$23.50  Net 


10-15-20  Meter 

Adjustoble    Dlpole 

with 
Univeffof   Mount 

Ideal   For  SmoH  lot&, 
AportmentSi  Vocation  tng 


SEE  YOUR  DISTRIBUTOR  OR  WRiTi  FOR  FREE  CATALOG 
OEPr   A 


rush 


6  21    HAY  WARD    STREET 
MANCHESTER,    N.  H.     03103 


Robert  A.  Mauro  WB2UHY 
150-30    18  Ave, 
Whitestone,  NX   11357 

Frequency  Spotting  the  "Sixer" 

Here  is  a  crystal  frequency  spot  for  use 
with  the  Heathkit  "Sixer*'  {HW-29A),  using 
two  ^^ires  and  a  SPDT  switch.  Easy?  You 
bet! 

1.  Remove  the  wire  between  lug  2  of  LI 
and  lug  2  of  L2. 

2-  Solder  one  end  of  an  8''  piece  of  white, 
insulated  ^vi^e  to  lug  2  of  LI. 

3,  Solder  one  8"  length  of  red  colored  in- 
sulated wire  to  lug  2  of  L2. 

4,  Connect  a  third  wire  (green)  to  lug  3 
of  TR  switch. 

5,  Mount  SI  (SPDT)  on  front  panel  di- 
rectly below  the  w  ords  **The  Sixer." 

6,  Feed  all  three  wires  through  grom- 
met  U, 

7,  Connect  wiies  to  switch  (SI)  as  show^n 
in  Fig.  1. 


GREEN 


WHITE 


RED 


Before  attempting  modification,  be  sure 
your  rig  was  engineered  after  October  9, 
1964,  or  modification  might  not  work 

.  .  .  WB2UHY 


VibropleX 


ENJOY  EASY, 
RESTFUL   KEYING 

S21  9S  to  S43,95 
THE   VIBROPLEX 

CO..   INC- 

833    Broadway, 

N*   T«    3t    N'T^ 


NEW  callbooks 


^m 


Over  60%  of  listings 
changed  in  only  a  year! 


Model  RTY-3SB  filters^  tuned  for  ope  ration 

with  SSB  transceivers  I79*95 


Model  RTY^3K  same  as  Model  RTY-3  but 
with  built-in  AFSK  keyer. 


r 59.95         Still  only 


MODEL 
RTY-3 

Improved  nnod©!  of  our  solid 
state  RTTY  receiving  convert- 
er^  Three  shift  frequencies, 
850.  425i  and  175  cycles.  This 
audfo  filter  converter  has 
proved  itself  in  nnany  ham 
shacks.  The  circuft  is  made  up 
of  limiter,  amplifier/filter  driv- 
er, 3  stage  filter,  detector, 
pulse  shaper,  and  selector 
magnet  keyer,  100  volt  60  ma. 
oop  supply  included- 


1 39,95 


INC. 

P.O.  Box  175  EAST  FALMOUTH,  MASS.  02536 


■I 


Nobody  Builds  Anymore 


If 


Jia»*fi^ 


NEW  I   Ham  Ueense  Frames 

$3 .95  pr  (5%  CaL  Ux)  poifage 
paid 

Tripfe    chroma    plafed,    fits   a[l 
6  X   12  plates 

,,    -,  ,      .,  Blue     fetters    on     white     back- 

jAiMTmt  RA£ia  5«ng^  *  ground 

V        uf    n.        V       t  1  P^O.   Bax  3446 

K8II  WalKey  EngllieenilK  Granada   Hllli,   Cal.  91344 


I  DON'T  ASK!     TELL  US! 

If  you    have   any   Gen.    Radio,    H-P,   Tektronix 
I    and  other  military  and  commerciaf  gear  to  sefl^ 
tell  us  flat  out  what  you  want  for  it!  You  call 
th©  shot! 

You  name  your  own  price  for  your  ARC,  SRC» 
TED,  PRC,  VRC,  ARN,  URR  and  APN  equip- 
ment. No  matter  what  others  promisd,  we 
guarantee  to  pay  more  for  it!  BUT  YOU 
GOTTA  TELL  US  TO  SELL  US!  Write,  call, 
cable  or  telegraph  today! 

COLUMBIA  ELECTRONICS,  Depn  T 

4S6S  W,  Pko  Blvd.,  Los  Angeles,  Calff,  f0019 
Phone:   (213)  938071I  Coble:  COLECTRON 


I 
I 
I 
I 
I 
I 
I 


it  Ho  Power  Required 
iic  Plugs  Into  Phone  Jack 
lit  Low  Insertion  Loss 
^120  Cycles  Narrow 
^  2  to  4  Ohms  In,  2K  Out 


NOW 

RAZOR  SHARP  CW 
RECEPTION  WITH 
YOUR  TRANSCEIVER! 

WITH  A    jm^  CWF-I 

Between  Your  Headphones 
And  Your  Rig 

REQUEST  BROCHURE  f  4  fl  Q^ 
Money  Back  ^  I  H 

Guarantee 


CKOTROf^lC^lMO.       ( 


Dept.    7-4 
353  Pattie 

Wichita,  Kani,  6M11 
(316)  267-3581 


SOME  NOTES  ON  OUR 


REGINAIR  321  QUAD 


Perhaps  you  too  looked  at  the  familiar  '^W*  pattern 
of  the  conventional  3  band  quad  and  wondered  how 
acceptable  performance  could  be  had  from  such  a  con- 
figuration* To  Larry  JohnaoOr  WAIBUN,  this  concept 
was  ail  wrong  for  the  electrical  spacing"  between  ele- 
ments varied  widely  and  obviously  the  resultinir  ter- 
minal impedance  of  the  driven  elements  varied  equally. 
Trying-  to  connect  one  feed  line  to  three  different  im- 
pedances is  touchy  and  mechanically  difficult.  The  ont- 
come.  it  was  reasoTied,  waa  a  constant  electrical  spac- 
ing for  all  three  bands*  This  was  achieved  in  the 
Regrfnair  Quad  by  means  of  a  spider  type  design,  the 
hub  for  which  i&  illustrated  here*  Eight  inches  long, 
3%  inches  in  diameter,  and  a  thick  ^4  inch  wall  give 
ample  mechanical  support  to  the  four  aluminum  tubes, 
which  in  turn  support  the  insulating  dowels.  This 
aluminum  huh  is  drilled  to  accommodate  up  to  1%  inch 
diameter  masting^  to  which  the  hub  is  fastened  with 
a  ^  inch  plated  steel  bolt. 

Constant  electrical  spacing  r^ulted  in  a  terminal 
Impedance  on  each  band  of  100  ohms.  This  is  trans- 
formed down  to  52  ohms  by  a  Q  section  of  RGll/IT 
cut  for  21  megacycles  (when  matching  2  to  1,  a  Q 
section  works  very  well  over  the  octave  from  14  to  28), 


""'•^*t'"^"''''i 


The  bugaboo  of  suck-out,  caused  by  10  meter  radia- 
tion from  the  20  meter  element,  has  consistently 
plagued  Quad  builders,  for  VSWR  Invariably  jumped 
on  20  meters — the  very  band  where  we  wanted  the 
flattest  response.  After  many  trials^  Mr,  Johnson  re- 
solved this  problem  by  inserting  a  quarter  wave  10 
meter  shorted  decoupling  stub  made  of  RGS/U,  within 
the  20  meter  driven  loop. 

No  baluns  need  he  used  with  the  Reginair  321  Quad* 
The  Quad  is  a  full  wave  device^  not  a  half  wave.  As 
a  result,  the  RF  currents  from  both  the  sheath  and 
the  center  conductor  of  the  feed  balance  out  and  no 
balun  or  balancing  device  is  needed.  You  can  prove 
this  with  2  RF  ammeters.  In  other  words,  the  Reginair 


Quad  is  self -balancing ;  it  is,  in  effect,  its  own  balun. 
Previous  quad  design  used  stubs  or  other  devices  to 
achieve  low  VSWR,  Our  Quad  needs  no  adjustments 
of  any  kind— no  loading  coUs — and  yet  rejects  less 
than  L5  to  1  VSWR  over  the  entire  10.  15,  and  20 
meter  bands.  This  most  important  feature  is  obtained 
by  making  the  reflector  loops  very  slightly  larger, 
tuned  to  a  slightly  lower  frequency. 

The  measured  gain  of  this  Quad  b  5.9  db,  compared 
to  a  conventional  dipole:  8.5  db  as  compared  to  an 
isotropic  dipole.  The  front  to  back  will  be  25  db  equiv- 
alent to  an  average  of  4  S  units  on  a  typical  receiver. 

This  Quad  is  quickly  assembled  from  a  complete 
package  with  pre^assembled  driven  and  reflector  ele- 
ments. All  you  need  do  is  furnish  the  52  ohm  feed 
and  raise  it  into  position,  A  light  TV  rotator,  such 
as  the  AR22R  ($33,95)  vdll  swing  it  easily.  The  com- 
pleted Quad  weighs  but  E&  pounds  and  requires  IS  feet 
of  area^  or  9^  feet  of  radius. 

The  most  salient  featui*e  of  our  Quad  is  its  flat 
response.  This  is  particularly  important  because  most 
hanis  today  use  transceivers  or  transmitters  that  can 
accommodate  only  VSWR  of  up  to  2.5  to  1  &t  the 
most.  Consider  your  finals  and  the  longevity  of  their 
life,  and  you  can  see  why,  Tn  a  typical  illustration,  a 
pair  of  6HF5's  are  employed  as  finals  in  a  transceiver 
with  a  400  to  500  watt  PEP  rating.  The  tubes  them- 
selves are  TV  horizontal  oscOlator  types,  with  a  dis- 
sipation rating  of  30  watts  each.  Sixty  watts  then  is 
the  most  you  can  tolerate.  The  idling  current  of  the 
finals  is  50  mills  times  SOO  volts  or  40  watts.  At  2,5 
to  1  ten  per  cent  of  the  forward  po^ver  is  com  ins:  back 
to  roost.  With  250  forward  watta  from  our  transceiver, 
2S  watts  are  retumed.  Twenty-five  and  forty  equal  65 
watts — 5  more  than  should  be  considered  safe.  As  you 
slide  up  and  down  in  frequency,  think  of  what  is 
happening  in  your  riK — unless  you  had  the  Eood  judR- 
ment  to  operate  at  your  antenna's  resonant  frequency, 
or  better  yet,  the  wisdom  to  use  our  Reginair  Quad 
where  the  VSWR  Is  guaranteed  to  be  less  than 
1.5  to  1. 

Remember  too,  a  quad  has  more  than  ti«rice  the  cap* 
ture  area  of  a  similar  rated  beam.  In  the  case  of  the 
321,  more  than  350  feet  of  wire  are  used. 

To  you  doubtinR  Thomases,  read  what  W0KHI  had 
to  say,  "I  want  to  add  my  name  to  the  many  satisfied 
users  of  your  new  Quad.  This  Is  the  first  Quad  kit 
that  I  have  purchased  that  was  a  *true'  kit  and  not 
simply  a  do  it  yourself  bunch  of  quad  parts  to  home- 
brew. All  the  parts  used  in  your  kit  are  of  good  qual- 
ity and  well  put  together  ;  the  wire  used  is  especially 
appreciated  for  ease  in  Quad  assembly.  It  does  g^ive 
me  for  the  first  time  an  SWR  that  pleases  me ;  it  !b 
between  1.2/1  and  1,0/1  on  all  bands," 

^le  Reginair  321  Quad  is  available  at  $89.05  in  one 
improved  model  using  poly  vinyl  chloride  tubing  of 
two  dimensions  and  an  indestmctable  ABS  spider  hub^ 
The  shipping  weight  is  37  lbs,  packed  in  a  cylindrical 
tube  6'  long  by  6*  in  diameter  and  therefore  suitable 
for  inexpensive  Parcel  Post  APO  mailing.  Delivery 
from  stock. 


HERBERT  W.  GORDON  COMPANY 

Woodchuck  Hill  Road      •      Harvard,  Massachusetts   01451 

"Helping  Hams  to  Help   The-mselves" 
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The  321 


Gdorge  Johnson  WAIBUN 
43   Raymond  Street 
Ndshufi,   N.R 


A  New  Quad  Design 


3  handsj  2  elements^  1   feed  line 


In  1965  I  moved  to  the  city  of  Nashua,  New 
Hampshire,  into  a  house  which  had  no  anten- 
na facilities  whatsoever.  Having  had  consider- 
able experience  with  beams  in  the  past,  and 
knowing  their  limitations,  I  decided  this 
time  that  I  would  put  up  a  Quad,  The  quad 
had  a  reputation  as  being  a  fine  antenna, 
and  yet  there  was  a  considerable  amount  of 
discussion  on  the  air  with  respect  to  the 
relative  merits  of  a  quad  versus  a  beam. 
I  decided  that  I  would  find  out,  even  if  it 
meant  doing  it  the  hard  way  and  experi- 
menting all  the  way  through.  First,  I  found 
out  that  there  weren't  any  finely  drawn  lines 
on  quad  design.  When  I  talked  to  most 
fellows  about  quads,  everyone  seemed  to 
agree  that  although  the  quad  w^as  a  fine 
antenna,  they  would  invariably  end  up  by 
describing  theirs  from  a  mechanical  point  of 
view.  For  example^  "I  got  it  up,  and  boy, 
I  had  a  hard  time  tuning  that  tiling  up; 
but  once  I  managed  to  tune  it,  why,  it 
seemed  to  work  fine."  Then  other  fellows 
would  tell  me  about  what  happened  to  their 
quad  when  the  first  storm  came  and  took 
it  away. 

After  some  study  of  the  construction  meth- 

It  lure  it  bfg  when   put  together 


ods  employed  by  conventional  quad  design 
I  began  to  understand  why  so  many  people 
had  trouble  with  their  quads.  In  a  con- 
ventional quad  design,  which  essentially 
was  shaped  like  the  letter  H,  having  a  boom 
of  8  to  10  feet  and  cross  spreaders  on  each 
end,  the  quad  loops  themselves  are  strung 
across  the  spreaders,  with  the  whole  struc- 
ture being  supported  by  a  slim  mast  and  a 
light  rotator.  I  began  to  understand  why  such 
a  quad  would  wave  with  the  breeze,  slop  up 
and  down  and  not  maintain  any  fixed  elec- 
trical configuration, 

I  wanted  my  quad  to  stay  up,  and  I  wanted 
to  have  a  different  design.  And  still  in 
all,  I  wanted  my  quad  to  operate  on  each  of 
the  3  high  frequency  bands  most  popularly 
used  in  amateur  radio,  the  10,  15,  and  20 
meter  bands.  I  recognized  that  the  physi- 
cal distance  between  the  10  meter  sections, 
15  meter  sections,  and  20  meter  sections 
were  one  and  the  same.  But  since  the  elec- 
trical distances  were  different,  this  would 
have  to  result  in  an  odd  ball  combination 
of  impedances,  which  would  be  difficult  to 
match.  This  became  more  and  more  apparent 
as  I  went  to  look  at  the  problem  of  feeding. 
The  3  different  electrical  spacings  in  a 
conventional  system  yield  3  different  feed 
impedances.  The  prospect  of  matching  ele- 
ments to  a  single  feed  line,  which  was  my 
goal,  seemed  very  remote.  So,  looking 
around,  it  became  evident  that  some  drastic 
revision  in  my  overall  concept  of  a  quad 
had  to  be  realized.  At  about  this  time,  in 
various  publications,  I  found  evidence  of  a 
boomless  type  of  quad,  or  spider  design, 
which  had  spreaders  radiating  from  the  cen- 
ter in  a  V  type  of  configuration.  Obviously, 
the  different  driven  elements  and  reflec- 
tors would  provide  a  different  set  of 
spacings  on  a  frame  of  this  t>^e,  and 
evidently  the  boomless  hub  would  be  a  good 
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starting  point  for  me.  I  also  realized 
that  if  someone  were  to  put  4  cross-brace 
wires  between  the  corners  of  the  loops^  it 
would  pull  this  type  of  quad  into  a  more 
rigidj  boxlike  structure,  which  could  put 
real  tension  on  the  loops  and  prevent  any 
spreaders   from   bending   individually* 

Before  I  started  construction  of  my  first 
quad,  I  decided  that  I  had  to  build  a 
crank-up  tower.  This  was  constructed  out 
of  2"  X  4"  and  1"  x  6""  lumber,  actuated  by  a 
hand  crank  winch.  It  consisted  of  a  cross- 
braced  A  frame  vrith  a  T  section  upper  mem- 
ber, pivoted  in  the  middle.  The  whole 
thing  was  mounted  on  my  back  porch^  in  such 
a  position  that  it  could  be  cranked  up  or 
down  with  the  aid  of  the  winch,  thus  lower- 
ing the  top  of  the  antenna  down  into  a 
double  turn-around  in  my  back  yard,  for 
easy  work.  This  seemed  to  be  necessary  if 
I  was  going  to  develop  any  kind  of  an  anten- 
na^  for  I  realized  that  I  would  have  to 
crank  the  tower  up  and  dovm  innumerable 
times*  This  proved  to  be  a  modest  pro- 
phecy,  for  ultimately  1  had  to  crank  the 
tower  up  and  down  at  least  many  hundreds  of 
times  before  I  was  satisfied  with  the  re- 
sulting quad. 

My  first  attempt  at  building  a  quad  was  to 
use  aU  almmnum  construction,  I  found  that 
using  aluminum  resulted  in  serious  capacitive 
loading  eflFects  on  the  elements  in  the  quad, 
to  such  an  extent  that  their  resonant  fre- 
quencies were  considerably  lower,  and  that 
unless  the  aluminum  spreaders  were  severely 
broken  up  with  insulating  material,  iJie  radi- 
ation pattern  was  adversely  affected.  What 
I'm  trying  to  say  is  that  the  spreaders  them- 
selves, made  of  aluminum,  would  absorb  rf 
energy  from  the  resonant  elements^  and  dis- 
tort the  radiation  pattern  of  the  quad  severe- 
ly. I  didn't  get  anywhere  with  it,  so  I  turned 
instead  to  insulating  materials  for  the  spread- 
ers. 

My  first  attempt,  for  insulation,  was  to  use 
wood  for  the  spreaders.  Many  quads  use 
bamboo.  Fiber  glass  was,  of  course,  available, 
but  it  seemed  to  me  that  a  good  solid  piece 
of  wood,  particularly  hard  wood,  if  it  were 
treated  properly  to  prevent  weathering, 
would  last  a  long  time  and  could  be  used. 
Then,  too,  I  decided  to  make  the  center  por- 
tion of  my  quad  out  of  aluminum  tubing, 
heavy  thick  wall  tubing.  After  all,  why  not 
take  advantage  of  the  strength  of  aluminum 
tubing  at  the  base  of  the  quad,  where  it 
does  not  have  to  carry  any   electrical   ele- 


This  is  the  complete  321   kit 

ments  and  where  all  of  the  mechanical  stress- 
es stem,  or  come  from.  An  aluminum  spider 
hub,   illustrated  here,  was  my  first  attempt 
to  work  out  this  thing  mechanically.   Even 
this  was  a  long  time  in  evolving,  I  had  to 
plan  just  how  the  shape  of  the  holes  could  be 
drilled  so  as  to  fit  the  design  of  the  spider 
quad   and   still   at  the   same  time   preserve 
mechanical  strengtli   sufficient   to   take   care 
of  the  job,  I  made  the  spreaders,  or  dowels, 
out  of  a  combination  of  aluminum  and  wood. 
They  were,  overall,   ISYi  feet.  This  type  of 
structure  seemed  reasonably   good  mechan- 
ically, and  I  therefore  started  experimenting 
with  various  configurations  of  wires,  attempt- 
ing almost  any  length  to  try  to  make  a  quad 
for  10,  15,  and  20  meters,  on  the  one  frame* 
The    first    attempts    used    conventional    stub 
tuning.   I  just   tied   all  of  the   elements   to- 
gether at  the  feed  point,  figuring  that  prob- 
lems  would    develop,    and   I   surely   wasn  t 
wiong.  The  20  meter  section  would  radiate 
when  I  fed  10  meter  energy  into  the  10  meter 
section.  The  VSWR's  were  humped,  and  very, 
very  poor.  More  experimentation  showed  that 
we  were  getting  pretty  close  to  a  consistent 
2  to   1  mismatch  on  each  of  the  3  bands. 
That  is  to  say,  the  best  match  available  was 
about  2  to  L  I  analyzed  tlie  resulting  feed 
impedance  from  such  a  configuration,  and  I 
found  that  the  quad  was  consistently  higher 
than  the  50  ohms  which  I  had  planned  to 
use.  Since  the  mismatch  was  the  same  on  all 
bands,  it  would  seem  to  prove  that  at  least 
I  had  the  right  idea  in  choosing  the  spider 
type  of  design,  I  needed  to  find  some  correc- 
tive device  to  broadband  the  resulting  quad. 
The  study  of  the  various  pubUcations  revealed 
that  a  Q-mateh  is  a  good  means  for  attempt- 
ing  such    a   transformation   of   impedances. 
And,   of  course,   a  Q-match   is   a  relatively 
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TJie    junior    op    figured    out    the    more    complicated 
assembfy 

broad  band  device.  So  this  was  tried,  and  we 
found  that  by  cutting  the  Q  match  section 
for  any  one  of  the  3  different  bands,  we 
would  obtain  a  perfect  match  for  that  band. 
We  also  found  that  if  the  Q  match  section 
were  made  out  of  RGll  cable,  which  has  a 
72  ohm  impedance,  and  we  designed  this  for 
15  meters,  that  the  match  was  very  good  for 
both  10  and  20  as  well  as  15  meters* 

My  next  specific  goal  was  to  try  to  obtain 
the  best  front  to  back  ratio,  or  forward  gain, 
for  my  quad.  I  realized  that  this  meant  that 
I  had  to  tune  it  up  very  accurately,  I  found 
to  my  sm-prise  that  tuning  the  quad  was 
indeed  very  difficult.  My  first  attempt  at  tun- 
ing the  quad  was  made  with  a  grid  dip  me- 
ter in  the  regular,  accustomed  fashion,  I 
found  that  the  reflector  elements  had  to  be 
approximately  200  kilocycles  lower  than  the 
low  limit  of  the  amateur  band  involved,  in 
order  to  have  a  reasonably  decent  VS\VH. 
Stub  tuning  was  trickier  than  1  had  assumed. 
Furthermore  J  the  tuning  would  move,  and 
sometimes  rather  unpredictabK ,  when  I  raised 
and  lowered  the  antenna,  So^  it  was  not  al- 
ways easy  to  tune  the  antenna  in  a  down  po- 
sition and  have  the  same  results  when  it  was 
put  up  in  an  operating  position,  I  did,  how- 
ever, make  the  quad  this  way,  and  was  able 
to  get  reasonably  good  results  with  it,  using 
just  plain  conventional  stub  tuning.  The  re- 
sults of  this  type  of  tuning  meant,  however, 
upon  close  examination,  that  the  front  to 
back  ratio  varied  across  the  band.  It  didn't 
seem  to  matter  how  closely  the  reflector  was 
tuned  to  the  low  end  of  the  band,  the  front 
to  back  ratio  would  seem  to  deteriorate  at  the 
high  end  of  that  band.  I  reasoned  that  the 
stub  was  an  inductive  loading  center  for  tlie 
reflector.  It  was  probably  raising  its  Q  and 


lowering  its  band  u^dth  and  thereby  narrow- 
ing the  range  of  frequencies  over  which  it 
could  operate  effectively.  Accordingly,  I  de- 
termined tliat  I  would  try  to  design  the  re- 
flector without  any  stubs  at  all.  The  reflectors 
were  altered  and  I  found  that  we  actually  had 
to  make  the  poles  or  spreaders  longer,  to  ac- 
commodate a  full-sized  20  meter  loop,  instead 
of  that  which  he  had  been  using  before.  Now 
the  20  meter  loop  was  a  full  72  feet  around. 
I  wanted,  in  effect,  to  have  a  long  enough 
reflector  and  full  size  dimension   so  that  it 
would  resonate  at  approximately  13.8  mega- 
cycles on  20  meters.  In  this  concept,  which 
was  subsequently  proven  correct,  the  results 
were  outstandingly  different  in  our  favor.  In 
the  first  place,  all  we  did  was  to  make  a  cal- 
culated length  cut,  and  put  the  loop  on  what 
was  supposed   to  be  a  theoretically  correct 
length.  We  ran  die  quad  up  into  operating 
position,   and   somehow  it  worked.   Further- 
more, the  front  to  back  ratios  across  the  band 
were  now  consistent.  That  is  to  say,  they  were 
generally  between  20  to  25  dB,  whereas  in 
the  tuned  stub  version,  we  had  as  much  as  7 
dB   of   deterioration   at   the  high   frequency 
end. 

The  next  problem  to  be  encountered  was 
that  of  suck-out  energ>'  on  the  20  meter 
loop,  when  the  system  was  fed  with  10  meter 
energy.  The  20  meter  element  represents  4 
half-waves  on  10  meters,  and  it  will  absorb 
energy  in  the  feed  line  on  10  meters,  unless 
something  is  done  to  kill  the  resonance,  or 
somehow  make  it  a  poor  impedance  match 
on  the  10  meters. 

My  first  thought  was  to  try  a  parallel  tuned 
trap  tuned  to  10  meters  and  inserted  in  the 
20  meter  driven  element.  Sure,  this  worked 
after  a  fashion,  but  to  make  an  impervious 
seal  against  the  weather,  and  still  have  it  re- 
niiiin  tuned  to  its  original  frequency  was  most 
difficult.  This  trap  had  to  have  appreciable 
inductance  in  order  to  reach  the  Q  neces- 
sary to  effectively  trap  out  10  meters.  This 
meant  in  turn  that  a  considerable  portion  of 
the  remaining  20  meter  driven  loop  was  be- 
ing wasted  and  not  being  used  to  radiate 
properly  and  furtlier  reduced  the  desired 
band  width.  Not  only  that,  but  the  idea  of 
losing  energy  in  such  a  trap  was  against  my 
better  judgment.  There  had  to  be  a  better 
way,  arid  there  was.  I  finally  employed  a 
piece  of  50  ohm  coax,  5%  feet  long^  connected 
with  its  open  end  at  a  point  half  wave  up 
from  the  feed  point  in  the  20  meter  loop. 
This  move  was  the  proper  one,  as  proven 
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from  a  simple  test  of  feeding  10  meter  en- 
ergy to  the  20  meter  loop  and  tlien  going 
around  with  a  neon  bulb  to  detect  voltage 
points  on  this  loop.  Better  instrumentation 
revealed  that  the  20  meter  loop  no  longer 
served  as  a  10  meter  antenna. 

At  this  point  in  terms  of  time  and  progress 
I  had  a  fine  performing  antenna— but  in  line 
with  trying  to  improve  stiU  more,  felt  a  need 
for  installing  a  coaxial  balun  as  a  series  ele- 
ment from  my  main  feed  line,  a  broad  band 
device  with  lumped  constants.  First,  I  knew 
that  it  would  be  necessary  to  establish  exist- 
ing standards  on  the  performance  of  the 
quad  as  it  now  was.  Accordingly  I  plotted 
frontal  lobcsS  and  observed  that  the  radiation 
was  beau tif ally  symmetricaL  Reports  con- 
firmed this  study.  Perhaps  I  didn't  need  a 
balun.  So  I  measured  the  rf  with  a  small 
ionized  gas  stick  around  the  square  of  the 
driven  loop*  Deionization  occurred  at  the 
same  equidistant  points  from  center  feed.  Two 
rf  current  meters  inserted  at  the  junction  or 
feed  point  both  read  the  same  current,  prov- 
ing again  the  fact  that  the  full  wave  loop  was 
in  itself  a  balun^  and  therefore  needed  no 
external  device  to  effect  radiation  balance! 

What  pleases  me  the  most  after  a  year 
and  a  half  of  experimentation  is  the  unmis- 
takable fact  that  the  resulting  quad  has  singu- 
lar merit  in  that  it  aflFords  me  the  lowest 
and  flattest  VSWR  over  the  entire  3  bands 
(10,  15,  and  20)  of  any  antenna  I  have  ever 
used,  including  most  commercial  beams  and 
dipoles.  The  freedom  from  worry  concerning 
high  VSWR  means  that  I  can  operate  CW 
at  the  bottom  of  20,  then  merely  swish  up  to 
the  top  of  the  sidebanders  without  disturbing 
the  load  on  the  rig*  My  finals  are  really  pro- 
tected with  this  antennal  The  front  to  back 
is  a  consistent  25  dB;  the  greater  capture 

AHachinq  the  wire  fo  the  spider  ends 


area  of  the  full  wave  antenna  plus  its  un- 
usual vertical  and  horizontal  configuration 
enables  me  to  hear  stations  earlier  in  any  day 
and  then  again  later  in  the  day  at  the  closing 
of  the  MUF  which  are  not  otherwise  identi- 
fiable on  a  competitive  3  element  beam 
pointed  similarly  and  used  concurrently;  Even 
though  this  Quad  design  is  inherently  lim- 
ited to  a  gain  over  a  dipole  of  about  5.9  dB^ 
some  other  parameters  must  be  working  for 
mej  for  the  reports  indicate  marked  superiori- 
ty whenever  a  test  is  suggested.  Again,  my 
belief  that  the  quad  could  be  mechanically 
improved  has  been  bonie  out  in  practice. 
Evidently  other  hams  feel  this  way  too,  for  I 


Almost  finished  and  ready  +o  raise 

have  been  kept  bus\'  making  reproductions 
of  this  original  "Queen  of  the  Air"  ever  since. 
Moreover,  there  are  no  traps,  baliins,  stubs, 
or  adjustments  of  any  kind  necessary  to  the 
final  Quad.  It's  simply  a  case  of  assembUng 
precut  wire  loops  and  precut  aluminum  and 
wood  spreaders  before  you,  too,  have  a  simi- 
lar Quad. 

The  321  quad  is  being  distributed  by  the 
Herbert  W.  Gordon  Co,,  Haivard,  MA  01451* 


OVING? 


Every  day  we  get  a  handful  of  wrappers 
back  from  the  post  office  with  either  a  change 
of  address  on  them  or  a  note  that  the  sub- 
scriber has  moved  and  left  no  address.  The 
magaiines  are  thrown  out  and  iust  the  wrap- 
per returned*  Please  don't  expect  us  to  send 
you  another  copy  'f  yo^  forget  to  let  us  know 
about  your  new  address.  And  remember  that 
in  this  day  of  the  extra  rapid  computer  it 
takes  six  weeks  to  make  an  address  change 
instead  of  the  few  days  it  used  to  when  w© 
worked  slowly  and  by  hand. 
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'YIpes!  I  thought  fhlt  was  my  soldering  gunl" 


AHTENNAS  •  TOWERS  •  ROTATORS 
NEW  •  USED  •  SURPLUS 

Hy-Sain  Mosley  CDR  Newtronics 

Tristao  Kreco 

Mytar  rope  insulators  Coax  baluns 

One-piece  to  Complete  Antenna 

Systems 

Also  Deal  in  Surplus  — 

Write  for  fofeif  Iht 

ANTENNA  MART 

BOX  7 
RIPPEY,  IOWA  50235 


MAY  lUB 


Torefd  Pow«r  Transformers 
ThftStt  arft  N*w  and  unused 

#  T-i — This  toroid  was  designed  for  a  10  Lube  50  witt  mit- 
put  FM  mobiie  unit.  Wtih  schematic,  12\T>C  PRI.  using 
2X1554*1  or  equlTilenL  DC  output  of  V/DBLR  575  toltt  at 
130  watts.  See.  ^2  —100  volU  DC  blai.  Sec.  ^3  CT  feed 
back  wlndiEig  for   2N1554's.   1%'  thick.   2%'  dia. 

13,55   «««    _ ,.,..._, 2  for  17.00 

#  T*2 — This  torold  was  desigtned  for  use  In  a  hybrid  F.M, 
mobile  unit,  using  a  single  864T  tube  In  the  RF  amp,  for 
30  watts  output.  Rchematlc  included.  12  YDC  prl.  using 
2N1551's  OF  equivalent  Sec.  »l  500  volts  DC  out  at  70 
watts.  Sec.  #2  —65  volts  DC  bias.  Sec.  #3  1.2  Tolts  AC  for 
filament  of  8641    tube.    Sec.    ^i   C/T  feed   back  winding  for 

2N1554*a.    1%'  thick.    2^*   dla $2,95  ea.— J   for   |5,00 

^  T-3 — Has  a  powdered  iron  core  and  Is  built  Ukis  a  TT 
fly  back  transformer.  OpeTateii  at  about  BOO  CPS.  12VBC 
Prt  using  2X44 2's  or  equlvalail.  DC  output  of  T/DBLB 
475    volts    90   watta.    C/T   feed    back   winding    for    2N442'3. 

$2,95  ea 2  fer  $5,00 

SPCCfAL  SALE*  Jam«s  Knighh  eryatal  &,  ovfln  100  KC  pr«- 
elsion  crystal  in  Sealed  glass  tube  with  octal  base  mounted 
tn  a   115  V.A.Q.  oven,  Siie  5*  high,  Wa**  Dia.  Will  make  an 

cxeeFlent  Secondary   Stan^dard   for    the  $ha«k    New  $7.05 

Used     *♦* t  •♦,.,.,,..,,... .., *.$4.95 

ALL  PrUet  TOWit   COMMUKfCATJONS 
F-0-8, «4  Elm  S»,.  Rqcfnt.  Wh,  534Q3 
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Letters 


Dear  73» 

Anent  your  comments  in  current  73  (Feb).  I  can  but 
whole  heartedly  ag^ree:  there  is  absolutely  no  respect 
for  any  sort  of  law  and  orde^r  on  the  ham  bands,  and 
it  ia  getting  worse.  Our  major  problem,  right  now, 
11  one  of  en  for  cement.  Same  problem  on  the  11  meter 
band.  I  too  have  heard  the  m is h -mash  on  WlAW's 
signal,  the  horror  that  75  has  becomet  and  the  awful 
mesaeB  on  15  and  20,  There  are  '*broadcaBters''  and 
clowns  with  motor-driven  "aroooga"  horns,  belches, 
and  assorted  obscenities*  These  are  pale  when  com-* 
pared  to  the  drunks  on   the  air. 

I  feel  strongly  that  we  have  come  too  far  along  the 
road  we  have  taken  to  ever  dean  house — not  without 
m.  greatly  strengthened  enforcement  division  in  the 
FCC  and  &  quadrupled  budget  for  them.  The  State 
of  the  Art  has  indeed  advanced,  but  our  society 
seemingly  has  regressed.  The  common  attitude  seems 
to  be  "the   hell  with   it",  and  thats  it. 

F.    C.    Hervey    WSIIIX 
Chilton.    WlaconBin 


Dear  73, 

How  clever  of  yon  to  put  your  "April  Fool"  article 
in  your  February  issue  H  I'm  referring  to  the  billarious 
article  by  W4PJG,  "How  to  Get  Better  Returns  from 
your  QSL".  I  worked  W4PJG  on  Grand  Cayman 
Island  as  ZFIEP  and  sent  three  QSLs  with  SASE 
each  time  but  received  nothing  in  return.  I  suppose 
the  answer  Is  in  the  adveiiiisement  contained  in  his 
article*  "A  small  contribution  anywhere  from  a  dime 
to  a  dollar  is  appropriate" — he  already  has  16c  of 
my    postage* 

I  can  suggest  another  DXpeditlon  he  might  under- 
take! 

Lnther  D,  Miller,  Jr.  WA3FM0 
Washington,  B.C* 


Dear   73^ 

Banzai  and  tally  ho  to  your  Feb.  Editorial  Liber- 
tiea*  Amen  to  the  fact  that  amateur  radio  is  in  a 
sorry  mess  by  and  large.  Agreed  that  a  general  house 
cleaning  is  in  order  and  long  overdue.  Like  you,  I 
find  myself  restricting  encouragement  to  prospective 
amateurs  and  the  number  of  tests  given.  We  should 
consider  the  overall  value  to  the  Service  in  dealing 
with   those  who   aspire  to   join  us« 

It  appears  the  only  way  to  clean  up  the  bands  m 
for  each  of  us  to  do  some  serious  soul  searching, 
abandon  our  inconsiderate  and  hoggish  attitudes,  have 
more  regard  for  the  other  fellow  and  if  necessary ^ 
place  some  restrictions  on  our  band  habits  and  at* 
titudes.  If  each  of  us  individually  attends  to  this 
problem  of  bettering  amateur  radio  as  a  whole — then 
we  got  it  made,  friend.  Bless  that  small  percentage 
who   are  a  credit  to  the   Amateur  Radio  Service, 

G.   L,  Baker  W8GIU/5 
Balhart,   Texas 

I  like   to  think  it  is   the   SMAXtL   percentaffe   who   are 
NOT  a  credU  to  the  AES. 


Dear   73, 

The  article  on  Operations  Deep  Freese  by  Ralph 
Steinberg  moved  me  to  the  point  of  writing  this  letter 
to  you.  I  did  thrill  to  the  article  very  much  as  I  felt 
to   be  a   small   part  of  it* 

I  might  say  that  I  enjoy  73  very  much  and  part  1 
of  Getting  Your  Higher  Class  License  was  very  in- 
teresting, I  know  of  no  better  ham  m^agazine  at  the 
present  time. 

Edward  Kovalan   K8AV0 
Clarksburg;     West    Virginia 


Bear  73, 

So  at  long  last  the  great  secret  Is  out — we  now 
know  the  dead  truth — the  Editor  of  our  favorite  mag- 
azine really  is  a  woman  1  Here  in  Europe  the  argu- 
ment has  raged  fast  and  furious  over  the  local  natter 
bands  as  to  the  sex  of  73's  new  Editor.  It  was 
generally  agreed  that  Kayla  sounded  as  if  it  should 
be  a  woman's  name,  but  then  most  7S  readers  were 
equally  sure  that  absolutely  no  feminine  hand  could 
possibly  write  technical  articles !  So,  the  consensus 
of  opinion  was  that  WlEMV  must  definitely  be  a  man. 
And  now  we  know  ,  ,  .  what  a  letdown  for  so  many 
radio  amateurs  who  are  sure  the  XYL  could  not  even 
be  trusted  to   dust   the  shacks 

Donglas    Byrne    G3KP0 
Peterbo  rough,     England 

Gulp!  Pni  glad  you  canH  see  the  dust  in  mp  shack.  *  . 
alonff  with  bits  of  wire,  globe  of  soMer,  and  parts 
scattered    &U   over   the  place. 


Dear   73» 

In  the  February  1968  73,  W4YM  asks  why  he  gets 
greater  difference  in  comparing  a  2  element  vs  a  4 
element  quad  on  transmit  than  on  receive.  The  answer 
probably  Hes  in  the  fact  that  his  SWR  on  receive  is 
significantly  higher  than  on  transmit.  I  would  f^ens 
the  quads  were  tuned  up  using  his  transmitter  so  that 
the  antennas  were  matched  to  his  transmitter  feed 
line.  However,  the  SWR  is  determined  by  the  im- 
pedance of  the  load  and  when  receiving  this  is  the 
impedance  of  the  receiver   input* 

Line  losses  will  also  affect  SWR  and  if  there  are 
additional  transmission  line  losses  (such  as  for  a 
T/R  switch)  for  the  receiver  as  compared  to  the 
transmitter  this  will  also  increase  the  receiver  SWR 
and   impair   its   performance   capabOity. 

Forrest    Wilcox    W2CT 
Yorktown    Heights,    N.Y. 


Dear   73, 

Through  the  medium  of  your  magazine  I  would  like 
to  thank  all  those  amateurs  who  handled  our  radio 
telephone  pat^h  traffic  from  Korea  over  the  Christmas 
Holidays.  There  were  several  and  one  in  particular 
I  would  like  to  thank  is  W7CHZ,  who  was  so  faithful 
in  coming  up  on  frequency  daily  and  handled  90% 
of  our  traffic.  There  were  many  tears  of  joy  on  this 
side  of  the  ocean  when  these  patches  were  completed. 
The  Commanding  General  2nd  Inf.  Div,  sent  out 
certificates  of  appreciation  to  those  who  handled  all 
patches  and  believe  me^  fellows,  our  hats  are  off  to 
you. 

Indianhead   Amateur  Radio   Club   HL9TF 
APO    San    Francisco    96224 

Dear  73, 

On  incentive  licensing :  I  am  buckling  down,  studying 
for  that  Extra  and  find  the  work  and  discovery  is 
recapturing  some  of  the  thrill  and  fun  of  amateur 
radio.  I  was  quite  skeptical,  but  I  think  it  will  be  a 
feather   in    amateur   radio's   cap    for   the    future. 

On  bad  operating  practices:  I  am  staggered,  apalled^ 
and  aghast  at  things  T  have  recently  heard  on  40  SSB^ 
The  saddest  was  malicious  CW  QRM  of  a  SSB  QSO 
consisting  of  pure  anglo  Saxon  4  letter  words,  I'm 
no  prude,  but  conduct  of  this  sort  can  be  the  down^ 
fall  of  amateur  radio.  Why  can't  these  guys  realize 
that? 

The  "Getting  Your  Higher  Class  License"  series 
is  a  superb  idea  and  will  be  a  positive  contribution 
to  amateur's  self  improvement.  Bravo  for  publishing 
an  excellent  magazine  that  is  not  afraid  to  face 
problems    extant    in    ham    radio   today, 

Doug   Htttchlnson    K0DTE: 
Lompoc*   California 
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Dear  7Z, 

The  new  license  program  m&y  turn  qut  to  be  our 
salvation.  A I  ready »  one  can  sense  a  lessening  of  the 
immediate  feeling  of  resentment  whkh  followed  it's 
inception.  The  human  race  thrives  on  competition  and 
that   is   really  all  that   incentive   licensing:   means. 


Eobtti    Gaardamoe    KSUUL 


Dear  73: 


It  is  with  great  intereBt  that  I  read  your  editorial 
in  the  April  issue  of  73  on  the  subject  of  UFO 'a. 

Having  been  for  several  years  an  active  investigator 
on  behalf  of  KICAP  in  this  area  as  well  as  being  an 
active  ham,  you  can  see  why  your  article  would  be 
interesting  to  me,  I  have  kept  up  with  this  subject  for 
about  ten  years  and  have  read  about  everything  avail- 
able, both  pro  and  con,  on  these  objects. 

1  could  relate  many  interesting  experiences  I  have 
had  investigating  these  reporta,  however,  since  that 
would  take  too  much  space,  I  can  only  state  that  hav- 
ing made  these  investigations  and  studying  the  story 
in  depth,  I  have  become  thoroughly  convinced  on  the 
reality  of  the  objects. 

A  good  friend,  Jim  Rogers,  WA4UHK  and  myself 
have  discussed  a  possible  UFO  net  on  several  occasions* 
We  came  to  the  conciusion  that  it  would  work  only  if 
we  had  the  backing  of  one  of  the  Amateur  Radio  pub- 
lications to  get  it  started.  You  have  of  course  taken 
care  of  that  problem. 

Both  Jim  and  myself  would  like  to  throw  our  names 
in  the  pot  to  help  if  the  net  becomes  a  reality.  Neither 
of  us  have  KW  rigs  which  would  probably  be  needed 
for  net  control  stations  but  will  assist  in  any  other 
way  we  can* 

D.  H.  Robertson  WA4KLT 
Greenville^  S.   C* 


DIODE  CIRCUITS  HANDBOOK 

An  fnvafuabfe  reference  boolf. 
Covers  rectiffers^  meter  circuits, 
mixers,  detectors,  m  o  d  u  f  a  t  o  rs, 
products,  FM  detectors^  noise 
1 1  miters,  squelch,  AGC.  BFOVQ- 
muitiplJer,  xstr  protection,  AFC, 
Varicap  Inning,  audio  clippers,  FM 
modulator,  balanced  mods.  Varac- 
tor  multipliers,  field-strength 
meters,  wavemeters,  RF  probes, 
dummy  loads,  SWR  bridge,  tach- 
onneter,  noise  generator,  square- 
wave  gen,  leners,  control  circuits, 
voltage  control,  etc.  111  different 
circuits. 

An  absoTute  steaf  at  $1» 
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R  S  G  B 

RADIO  DATA  REFERENCE  BOOK 

A  new  edition  of  this  book  has  just  been 
published.  It  was  compiled  by  G€JP  and 
edited  by  G3TRP.  This  150  page  hard  cover 
book  is  crammed  with  formulas,  charts,  nomo- 
graphs and  reference  material  covering  just 
about  every  aspect  of  amateur  radio.  Where 
would  you  go  to  find  the  impedance  of  a 
dipole  vs  its  diameter?  Or  design  and  gain 
figiires  for  Vee  beams,  rhombics,  yagis*  col- 
linears,  broadsides,  spaced  dipoles,  sterbas. 
and  various  stacked  beams?  It  would  take 
pages  to  just  list  the  wealth  of  material  cov- 
ered in  this  great  new  book. 

ONLY  $3.00! 

Order  from: 
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Tolorids  S8MH   , 35^e«     10/13.00 

1   AilP  1000   PIT  diodes  TOPHAT 

or  EPOXX   ,,««,.,*,#,*,»..,«.,.t^.., 40^*4     1  &/$3p75 

Copper  printed  circuit  beards  3  s  5^    .«.^«2Qefift      6/ $1*00 
Teletype   pap^  upe   roUi  II /W 

*,-...*. .25^    per   roll,    case  of  40/57,50 

toy   motors  1^   to  DV  10,000  BPM   AS^^      7/SLOO 

Mumn  fans  4-11/16*  sq,   z  1%"  deep  llOvac  60  eye       $7.95 
OJimite    p&ra&itic    suppressor    #300    ,»«.,*.  ..25|^fla       3/SI.DO 

12    FT.    cigarette    lighter    cord    -.*.. ,,*..*.99<^» 

4  deck   11  poslUon  waller  switch  NEW    p,,-.*..,**.,*75eea 
.25  MFD   at    12.500   VXJC   qH   condenser    .*,.*•«,  ,.,,*3.7Sea 


COAX    COXKm:TOES 


PL 2 59  . . 
M35&  . . . 
TTPE    N, 


.,4D^         SO230     ..,.40<*        T^Conn     .,,.$L95 

.,40<*         PL258     85^         U/1T5     ...JS^ 

,UOa49A/U,UQ-18C/U.Ua-2TC/U.T5^  choice 


METEK9    XEW 

60-0-60  A3trP  DC   2H'  round   Weatlnghouae $2.95 

lOO-0-lOO   MA  DC    4%"   square   Binioaon    ,.$6.50 

0-200  MA  DC  4%"  square  Simpson *.*.$5.95 

TARIABLE    CAFACITORS 
12  to  244  tDnif  E.  F.  Johnaon  ^154-1-5  ISOOtac   .*-... $2.75 

S  to  SO   mmf  per  sec*   butterfly    .,•-.» 75^ 

4  to  40  mmf  per  sec-    butterfly   ,*...* , .  75|^ 

4.6  to  51  mmf  differential  E.   F.   Johnson  50LA15  75^ 

3  fiection    (16   to  415mmf)-(16  to  415miuf)- 

I  iti  to  53  V  mmr )    » * .,  t.  ^  #  ^  ^  *  *  ^  m  *  *  r  *  *  *  *  *  * » '  *  *  *  ^  *^  *  *  ^  ^  *  *9 1  ■  50 

3  to  SOmmf  ABCO  403   trimmer IO|§em     12/11.00 

20   to   I20minf  per  sec.   butterfly 

8%'  X  €%'  X  a^d   ^'  shaft  7500  VAC    • $7.50 


597BS 

2 

sac.    IBOmmf    ■    400   mmf                         50|^  EACH 

^^TSSS 

4 

sec.    lS0mmf»450mmf*35n3mf»35nimf       IO/$4*00 

^&7&2 

5 

see.    lS0mmf»35miDf«35mml*                   CHOICE 

=  9790 

S 

sec.    S75iiitnf •  375miiif •  ISOnmif 

=  46-3 

4 

sec.     180nimf»SOOmmf»S6mmfi56mmf     w/2Vi' 
dial   drum 

VARIACS    GENERAL    RADIO    &    OHMITE    GO    CYC. 

Input    I20v — output   O-20OV    I    amp   or 

Input    24 0¥ — outpirt    D«280v    2    aiiip 

PULLDUTS    IN    EXCELLENT    CONDITION    (tO   LB). .$8.95 

MINfATURE    MOTOROLA   7  tube  455    KC.    IF   AMPLIFIER 
DISCRIMINATOR    NEW     IN     ORIGINAL    PACKAGE 
Uf/niAGRAM  £^  'Ifl 

STANDARD    DESK    DIAL    TELEPHONES   excellent 


R  &  R  ELECTRONICS 

Dept.   7D 

19S3   S.   YELLOWSPRmGS   ST. 

SPIIINGFIELD,   OKfO 


12, 00  mlninum  order  FOB  Springflefd,  Oliio.  Please  add  £uf< 
fleient  postaofi,  we  refund  ail  unused  amount.  Ohio  custom- 
ers adti  4%   sates  tax. 

SATISFACTION    GUARANTEEO    ON    ALU    tTEMS 


DONT   BUY  TUBES 

UNTIL  YOU  GET  OUR  LOWEST  PRICES  IN  THE 
WORLD  ON  BRAND  NEW  SPECIAL  PURPOSE,  BROAD- 
CASTING,     RECEIVING     TYPES.      ESTABLISHED      1920, 

SEND    FOR   OUR   CATALOG. 

UNITED   RADIO  CO. 

56-6   FERRY  ST.,    NEWARK,    N.J.   07105 


—  SURPLUS   SPEC/AL— 

TOROID  INDUCrO 

250-500-830-IOOO  Mhy. 

UOOeapostpoid 

Frequency  range  to  20  Khz. 
For  osctllQtors  and  band-poss  filters, 

CHARTER  ELecTRomcs 

BOX  88     GLADWIN,.  MICHIGAN  48624 


MAY  1968 


105 


250  KC 

amplifier 


DO- AX 

SPOT 

T-R 

relay 


CRAZY^MAN-CRAZY 

Removed  from  COLLINS  airborne, 
tllHS-1,  tTflnsceiver,  for  Uchnical 
cMirgo  order.  Has  (2)  5726/6 AL5» 
(3)  5749 /6BA6  tubes;  (2)  IP  cBm; 
in  F'250  A- 57  mechanical  filter; 
A¥C  &  audio  detector  ctrciiiti. 
All  enclosed  In  module  ^  wide, 
4^'  ^«p,  3^'  high.  4-  1%'  for 
tubes,  TF  cans,  etc.  (5  LBSK  Wltli 
sdiematie   and    deicrJiitloii    «,.*.*.. 

For  latest  ^lOTOEOLA  Mo-tFracfi. 
75    ohm,    12?    DC    coll.    Handle    lOD 


$30,00  ea. 


watlft    BP 
#BBX-2l 

UG58A/tJ: 
aG58A/U 


HAMIMAR. 

LUND 
^MCIOOSX 


MILLEN 


tbru  500  Me.  ALLIED 
or  MAGNECEAFT 
Haa  SiO-230  on  short 
phono  11  |j  on  20* 
&  phono -tip  on  7' 
ihf  elded  lead.  BRAXD  NT^W  (2 
13  S ) .  UOTO  RO  LA  BE  A  LER3— 
repladnj;  this  itrm.  write  for  Quan- 
tlij    t»rice.    tJ    for    $20.00    .-..,,-. 

12  to  100  pf,  2000V  Tfldablo  capaci- 
tor. S5  plate  as  rotor,  17  stsstor) 
4*  lontt.  l^''  wide,  iVt*  hi  Eh. 
4-IMe''  for  dual  Vji"  shaft:  2  ceranw 
ic  end  plates;  2  heart dbsj  IIHAND 
NEW.   2  LBS).    4   for  «5.75 

140  pL  aOOr  variable,  35  plate,  (18 
roton  IT  stator*:  1%*  lon^  -\-  1%' 
for  dual,  threaded  ^'  ifmfls;  2  1% 
X  1^*  ceramic  end  platet:  2  bear- 
ing,   alker    plated,    BaA^^3    NEW 


$3,50  ea. 


$1.50  ea. 


$1.00  ea. 


SHAFT  COUPLERS   'A"  to  V4" 


National  #TX-!J, 
ramie  wafer;  2 
couplings*  with 
NEW-  4  for  U 

Kyton  rod,  %' 


1^ 


i  dlnnieter  ce- 
insulatcd  metal 
screws.  BRAND 


«««**«* 


set 
.50 

diameter,  IM*  long, 
^'  hole,  each  end  ^^  deep,  Middle 
thinned  to  V^"  dlameier.  for  flex- 
ibility.   BBAND  NEW.   5/$L0O    .. 


99c  ta. 


23 e  ea. 


TCS   Xmittr^Recvr   Control   Box  with   Speaker 


...EX  7. 


We^^tern  New  York,  Convcnifon,  Hamfest  and  what  bare  you* 
(Even  Wayne  Green  he&  promised  to  be  tbere)»  Rochester, 
N.Y.,  May  IL  li>i5a.  Br  oczc  shooters.  White  Swan  Park, 
Pittsburgh.   Fa,,    May   19. 

All  orders,  except  In  emprEenc^,  or  I'm  at  a  hamfeat. 
shipped  same  day  recelyed.  For  free  "GOODIE"  stieet.  send 
self -addressed,  slamned  enreloi^e — PLEASE.  PLEASE  inclUtle 
sofHcient  for  po^tnge,  any  eiceas  returneil  with  order.  I  carry 
private  (TraTekrs)  parcel  post  lnsuranc«.  for  domestic  parcel 
post,  fbr  MeiD«;  too  heaFy,  or  too  laree  for  pareol  post, 
r  suicfeit  bus  pflFrel  exTtrefi.  Pleaie  adrlse  name  of  buj 
line,  and  city,  where  you  can  pick  up  the  shipment. 
CanadUn  ciiBtomers — PLEAf^E  add  aufficlent  for  postage— 
^IM  first  two  poundK.  30c  each  addlttonal  pound  or  fraction. 

B  C  Electronics 

Telephone   312  CAIumet  5^2235 
2333   S.   Michigan  Avenue         ChlcogD,   lUinois  60616 


0AI&46/6PA23  Control  Console  w/one  12*,  one  5*  &  four  3* 
electrostatic  Scopes.  For  110V60cy  power,  *...♦,*  .EX  125.00 
Load  Batik  150A  31.25Y  11  SOA  SPDT  Bwilcbca.  NEW  27.r^0 
ReflflCtom«ter  SWll  Bridge  H/Meter.  SO-lOOOmo*  ...LNS.fiO 
T465/ALT7  200W  Xmittr  lCS-352mc  w/two  616l's.  EX  18.75 
6161    Tube  w /Connectors.    100  watts   to   ISOOmc    EX  6.75 


R443/AflN5D   332-Smc  Recvr  w/11  Tuhes.  6  Xtals   ..EX  6-5^1 
RI01A/ARN6   lOO-lISOkc  Rcvr.   Neecl4   28VDC  only.   11X27.50 
ID9IB'ARN6   NaTiijators  Bearing  Indicator    ....... .ES  7.50 

ASaise  ARN6  Staiian  Seeking  Loop.  100-1750  kc.  ..EX  0,25 
ET3I6'APNIZ  1^0-234mc  Transceiver  t^r/Tubes  .., .EX  12,50 
I  D  I6ec/ APN  12  Scope.  3PP1  CUT.  DPDT  Coax  Switch  LN  0.75 
AM300  Interfoiju  Amp.  w/4  Tubes  &  Dynamotor  .,,BX4.7n 
PP336  Main  Power  Supply  for  APRS  Eecclvcr  . 
PP337/APR9  Klystron  Sui^ply  for  TNlSf),  TN131 
ID226/APR§  Panoramic  Indicator  w/Schematic  ♦ 
SN7C'APQI3  Synchronizer  w/24  OctJil  Tuhe^  .. 
J39/APaJ3  Junction  Box.  102  Screw  Terminals  ., 
Samn  hot  w/50  feci  4-cond.  sluelded  eah%  ,.,, 
R3I6A/ARR26  14-Tuhe  l02-lT4inc  AM/FM  Superhet  ..22.75 
PP468   Power  Supply  for   B316A  Recetrer.    40flcy.    •.LN  4.75 

CaiO   Control  Bo3i   w/4   Txihfs   for  K31fiA   Rocvr EX  4.50 

Cable  Cmrn^cts    PL25fi   to  BXC  Panel   Socket    . ..  .LN  :?/1.75 
Vaneaiclal    Fati    18-2STT)C/AC    fOOcy}    60  cu  ft  mln.    EX  3.25 


..EX  1C.50 
.-EX  10.50 
»,EX  14.50 

.NEW  2.25 
NEW  e.25 


OH  MITE    Z-50  Rndio  Frequency  C^oke    , .. 

Seooe  Xformer  l950Yf®3ma.5  Fll  Windings.  fiOcy. 
SA325/<1  Coflxfftl  Switch.  SP4T.  2HYT}C  Motor  . 
3JPI  CRT  w/Mount.  Shield.  Socket  &  KV  Cap  . 
m,  Anflfe  Drive  w/Gears,  Universal,  ^i"  Shafts  . 
TS250A  APNl  Test  Set  w/Cables  A  Attenuator 
Cacacitflr,  F<=e^d-ihru.  15  on  Panel.  Three  Panels 
BNC  a'O'^!J0/TT*  Coarlal  Parje?  dockets  ....,,. 
C<iax  6"longw/BNC  (X'G260A/U}  Pluf  each  end 
Coax  8*  w/1  BNC  Plug  &  1   BNC  Panel  Socket   , 


pEX  fi/LOO 
NEW  4. 75 
.  .,EXfi,50 
.  ..LN  4,75 
,  . . KX  L!m 
,.EX  22.-^0 
.-..*.l  00 

6/1 

4/1  00 
,  EX  3/1.00 


P       C       14  AYnCM    Box  294.  Bay  Sofnf  Louis, 
C.     W.     nMILPC;n  Mississippi.   39520. 

Prices;  FOB  Bay  Saint  Louis.  Terms;   Netj  Cash. 


^  Price — $2  per  25  words  for  non-commerctdt  a^;  STQ 
per  25  words  for  business  ventures.  No  display  ads 
or  agency  discount.  Include  your  check  with  order, 

T^*  Type  copy.  Phrase  and  punctuate  exoctly  as  you  wish 
It  to  appeor*  No  all^capltal  ads. 

^  We  will  be  the  judge  of  suitability  of  ads«  Our  re< 
sponsibitfty  for  errors  extends  only  to  printing  a  cor* 
reef  ad   In  a  later  issue. 

i^  For  St   extra  we  can  maititaln  a  reply  box  for  you, 

^  We  cannot  cheek  Into  eoch  odverflser,  so  Caveat 
Emptor    ,    *    . 


THE  KNIGHT  RAIDERS  VHF  Club  will  hold  its 
Second  Annual  Hamfest  on  Saturday,  July  20, 
1968  at  Weasel  Drift  Picnic  Grove.  Garret  Mt. 
Reservation,  West  Patterson,  N.J,  from  10  am 
until  dark.  The  location  is  the  same  as  last  year. 
Manufacturers  displays,  swap  shop,  junque 
tables,  contests,  door  prizes,  and  a  good  time  for 
all  will  be  the  order  of  the  day.  Picnic  tables 
and  barbeque  pits  available.  No  tickets,  no  £ee» 
it's  free.  Refreshments  will  be  available.  Talk 
in  station  K2DEL/2  will  operate  on  SOA  MC  and 
146  898  MC.  Special  certificate  for  contacting  the 
talk  in  station  available.  For  more  details  write 
K2DEL. 

THE  AMATEUR  RADIO  ASSOCIATION  of  Brem- 
erton,  Inc.,  Bremerton,  Washin^on,  will  hold  its 
annual  Hamfest  on  May  18.  1968  at  the  Westside 
Improvement  Club,  Tickets  are  S4  per  reserva- 
tion or  S4.50  at  the  door  and  S2.00  for  each  child. 
Registration  begins  at  1  pm  with  various  activi- 
ties during  the  afternoon  and  dinner  at  6  pm, 
following  by  drawing  of  door  prizes.  Dancing  will 
conclude  the  day*s  festivities.  Beservations  and 
further  information  may  be  obtained  by  con- 
tacting either  the  ticket  chairman,  Doug  White, 
WN7GXL,  Box  12.  Belfair.  Wash,  or  Harry  Hill, 
W7CQI.  ARAB  President,  3230  Harren.  Bremerton. 

HEATH  HA-20  Linear  $79.00.  Surplus  BC^61I 
Handi-Talki  S25.00.  SX-42  Receiver,  needs  work. 
$45.00.  New  S13  Tubes   $10,00@.   Ampex  one  inch 

video  tape,  5,000  foot  reel  $10,00.  You  pay  postage, 
Bruce  Hilderbrand,  6090  Upland  Terrace  South, 
Seattle,  Washington.  9S11S, 

ST,     PETERSBURG     AMATEUR     RADIO     CLUB, 

IN6«  will  hold  their  annual  Hamfest  at  Lake  Mag- 
giore  Park,  entrance  gate  at  9th  St**eet  and  38th 
Avenue  South,  St.  Petersburg.  Sunday;  May  19, 
Plenty  of  parking  space.  No  charge  for  entering 
Park.  AH  Hams  and  guests  cordially  invited. 
This  is  an  old  fashioned  Hamfest.  picnic  lunch, 
swap  table,  and  prizes. 


TEST  EQUIPMENT,  etc.  Large  variety,  including 
HP.  400B:  Simpson  260  $30,  269  $45,  38  $30:  Beck- 
man  counter  #7370  lOcps-lOmc  S650;  Tetronix 
scope   pTug-ins   S30    to    S125:    BC    659    Transc.    $10. 

Send  25(^  for  large  list  of  test  equioment,  etc, 
Palen  Electronics.  P.O.  Box  1536,  San  Mateo, 
Calif.  94401.  Phone  341-9747, 
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IMMACULATE   SR    IM   w/dc    supply    and    cables, 

$175.00,    Will    ship.    K7HVE,    103A    University    Vil- 
lage, Salt  Lake  City,  Utah,  84108, 


I4X-20  XWITR.  8U-10M  SSB  and  CW,  Professionally 
wired  by  Collins  Radio  Engineer.  Excellent 
condx,  §110.  James  Demler,  W0DSU.  1100  W. 
Godfrey  Ave.,  Apt.  407,  Philadelphia.  Pa.  19141, 


GALAXY  V  MODIFICATION  KITS:  Foot-Switch 
CW  operation,  external  receiver  antenna  jack, 
three  extra  relay  connacts,  and  more-  $15.00  pp. 
Write  WB6NWW,  5349  Abbeyfield  St.,  Long  Beach, 
Calif.   90815. 


DAH-OITTER  ELECTRONIC  KEYEf?  ,  .  .  New 
integrated     circuit    automatic     kc  Fully    self 

competing  on  both  dit  and  dah.  Built  in  AC  sup- 
ply and  keying  monitor.  Isolated  reed  relay  out- 
put. Completely  assembled  and  ready  for  opera- 
tion. Price  §34.05.  Order  now  direct  from:  M&M 
Electronics,  Keyer  Dept.,  6835  Sunnybrook.  NE. 
Atlanta,  Ga.  30328. 


WRL's  USED  GEAR  HAS  trial^ — terms — guarantee! 
75A1— S169  95;  G66B— S39.95;  913  A  VHF  Amp.— 
;pl79J5:  Apache— S99. 95:  HAlO  Amp— $189.95; 
HW30/2'er— $44,50;  AF67— $49.95;  Ranger  2— $149.95: 
2B  receiver- $179.95;  Valiant— $149.95;  HQIOO— 
$99.95.  Low  price  on  hundreds  more.  Free  "blue- 
book*  list.  WRL.  Box  919,  Council  Bluffs,  Iowa 
5150i, 


SlfiE™!  D.C.  POWER  SUPPLY  351D2  Mount  for 
Collins  KWM-2  both  S135.00.  Excellent  condition. 
M,  Halle.  1520  Turcot  Dorval,  P.  Que..  Canada. 
514-631-6676. 


SPRING  AUCTION  of  the  Rockaway  Amateur 
Radio  Club  will  be  held  Friday  evening,  April 
26,  1968  at  the  American  Irish  Hall.  Beach  Chan- 
nel Drive  at  Beach  81st  St..  Rockaway  Beach. 
N.Y.  Come  to  the  best  Auction  in  the  New  York 
area.  For  detailed  directions  write  to  the  Rock- 
away ARC,  PO  Box  205,  Rockaway  Park,  N.Y. 
11694. 


rOR  SALE:  Lampkin  105  Frequency  Meter  $140, 
205  Modulation  Meter  S140,  Model  15  Teletype 
60  words  excellent  $40,  W8CJP,  11446  Lakeshore, 
Grand  Haven,  Michigan,  49417, 


FOR  SALE:  Heath  Apache  TX-1  very  clean,  $90; 
also  like  new  Hammarlund  HQ170C  $165.  KIMWF 
L,  J.   Burns,  RFD.   Plainville.  Conn.  06062. 


ATV  OR  CLOSED  CIRCUIT  CAMERA,  new,  self 
contained  power  supply,  video  output,  &  3-6 
transmitter  S265.00.  W2MCA  RivoU  TV,  287  W. 
Merrick  Rd.,  Valley  Stream,  N.Y.  11580.  516  LO 
1-8090. 


LOS  ANGELES  AREA — ^Complete  station — Heath 
SB-301  with  all  ii Iters  and  Johnson  Ranger  with 
FTT,  mike,  key.  manuals — like  new,  $350.  Phone 
213-323-3823. 


CERTIFICATE    will    be    issued    by    Henry    Ford 

Museum  to  any  station  that  works  the  Motor  City 
Radio  Club  station.  W8MRM,  during  the  24  hours 
prior  to  the  Old  Timers  Night  banquet.  Work 
W8MRM  on  May  4  (GMT)  on  or  near  3.663.  3.900, 
7.070  14J00.  50,178,  145  330,  or  146.94  Mc.  QSL  for 
certificate.  Pete^  Tippett,  WA8VIF.  Sec'y..  Motor 
City  Radio  Club,  Greenfield  Village,  Dearborn, 
Mich,  (novice  contacts  by  schedule,) 


FOR  SALE:  Steward  Warner  390A/VKR  Recv, 
$850.00;  RBA  15kc  to  600kc  recv.  $45.00;  National 
HFS  rcvr.  27mc  to  230mc  $60.00;  Heath  Imp  Bridge 
IB-1  $40.00;  50  watt  6  meter  AM  XTMR  H.B.  $35.00; 
model  15  teletype  complete  $70.00.  W20AP  J, 
Murray,  40-33  61  St,,  Woodside,  N.Y,  11377, 


"ARGTURUS"  SALE 


±6146,. 

$2,95 

=mm.. 

S.50 

=  6688.. 

3.50 

#0939.- 

3.50 

^7025., 

.50 

^77SS.. 

3.75 

#2B21 . . 

.49 

#5725/6AS6   iHl  3/$2.O0 

±5S42/417A    2.50 

±53-17/ 104A 2.50 

^1AX2   49^;  5/2.00 

^6KT    *,30#;  3/1.00 

±12BN0    .,,.50rf;    3/1.49 
#25L6    .,..., 59tf;    3/1.49 


^6Aa5.  61<* 
-63Q7-  9^f* 
=  6CG7.  5Mr' 
^0J6-.      iUc 

=  fiU8.  78^ 
ffl2AU7  ^H 


m  Tube  cartons:  SAU6  etc.  siKe,  $1.95  per  100.  GSN7 
etc.  lize,  $2.36  per  100,  5U4aB  jslze,  $2.75  per  100, 
5TT4G  si^e,    i03{^   each. 

•  OhsoltJte    tubes;    #1XS;200,    $1.69;    #80,    $1,20;    #10V, 

•  7  Inch  00  degree  TV  bench  test  picture  tube  A*ltb 
adapter.    No  Ion  trap   needed.    Cat.    #?BP7,    $7,99, 

•  Silif^m  rctiifitT  octal-b&.^t'd  lonK-rHnge  replacement  for 
5U4,  3Y3.  5AS4,  5AW4.  5T4.  5V4,  5Z4.  WUb  diagram. 
Cat.    -Uect   1,   iiii^   each. 

•  Siliron  reetlfler  replacement,  octal  based,  for  OZ4. 
Cat,    -Kh-1    2.    mc   each, 

•  10  slllMn  rectifiers,  750  lit  A..  50  to  300  p.i.T,  Cit, 
-330F*    Oi*^    each. 

•  RCA— 110  degrees  flyback  transformer,  latest  type. 
Produces  IS  KV.  Includes  schematic  diagiam  appllCAtion 
for  any  TV.    Cat   :ifeK-l    $2M. 

m  5  trans litor  circuit  boards  coittainli}^  up  lo  0  tfan- 
sistori,  plus  diodfs.  resistors,  capacitors^  etc.  Cat. 
^TS;iO,   OH 

m  Needles:  Talyes  such  fts  #AS2^  sapphire^  SOtf;  dia* 
iiitjnd.    (^Jl^, 

•  Color  yokes,  70  degree  for  all  around  color  CRT*s. 
Cat  #XTIC78,  $12.95,  00  degree  for  all  reotanffular  10 
to  25   Inoh  noior   CRT's,    Cat    #XBCOO,   $12.95. 

•  TransliiLotisied  U.H.F,  tiincrti  used  in  1005  to  1067 
TV  set.ft  mude  by  Admiral ,  li{;!A^  Motorola,  elc»  Reniov- 
aWe  jtearing  may  van"  from  one  make  to  another.  Need 
only  12  volts  d.c.  to  function.  No  lllament  voltage  net^J- 
ed.    Easy  rtsplacement  units.   Cat.    ^U.H.F,    567.   $4JJ5 

•  Flyback  transformer  in  orlf^lnal  carton.  Made  by 
Sferll  or  Todd.  Most  with  schematic  drawing  of  unit. 
Please  do  not  request  specific  tyi>e.   Cat.   ^506,  OOc^  each. 

•  Kit  of  30  tested  germanium  diodes.  Cat.  -100.  90<* 
Send  for  our  free  catalogs  list  in  g  thousands  of  similar 
hvn  buys  In  tubes,  parts,  kltf,  transistor*,  reetlflers, 
etc.  Ordfrr  under  $5.00,  add  50 d  handling  ciiarge^  Include 
4*!:^  of  dollar  value  of  order  for  poitage.  Canadian  post- 
age.  fi.OO   extra 

ARCTURUS  ELECTRONICS  CORP. 

Phone:   201    —   UN  4   —  556H 
502-22nd.  St..  Union  City,  N.J.  07087  DQpf,  M73 


RADIO  TELETYPE  EQUIPMENT 

TELETYPE  3IODELS  28  ASR,  28  KSR,  28  LPR, 
28  L.4RP,  28  LXD,  28  LBXDl,  14,  15,  19,  Page 
printer^^,  Pt^rf orators.  Reperforators,  Transniil- 
ter-dislributors.  Polar  Relavs,  Collins  Receivers 
51J-3.  R-;i88,  51J-4,  R-39qA,  Hammarlund  SP- 
600 J X-  Frequency  Shift   Converters. 

ALLTROMCS-HOWARD  CO. 
Box  19,  Boston,  Mass  02101  Tel:  617-742-0048 


M  &  M's  Electronic  Keyer 
the'DAH-DITTER®" 


ONLY 


MODEL  EK-IA 


ii*oyi  QC       Assembled 
Oo^.i/D       and  Tested 


All  sofid  state  with  space  age  integrated  circuits  • 
Fully  self-completing  on  botti  Dah  and  Dit  • 
FUed  3/1  Dah/Dit  ratio  for  perfect  code  m  Built- 
in  AC  power  supply  •  Fully  Isolated  reed  relay 
output  •  Built-in  side  tone  oscillator  and  speaker* 
Speed  range  5  to  40  WPM. 

Send  vour  order  direct  to: 

M  &  M  ELECTRONICS  -  Keyer  Dept, 
6835  Sunnybrook,  N.E„  Atlanta,  Georgia  30328 
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YOUR  SURPLUS  WANTED  BY 

THE  FASTEST  GUN  IN  THE  EAST 

Ho    horsmg    arouird,    we    pay    fast    ...    in    24 
houfs    ,    ,    .    and    we    pay    more.    We'fl    swap    or 
trade    new    equlpjnfnt    too    ,    .    .    We    quote    fast 
too.  We  afso  pay  for  shipping,    insurance,   etc. 
Yqg   call   fast,    now,    collect,    for  fast   quote. 

SPACE  ELECTRONICS 

di¥.  of  MILITARY  ELECTRONICS  CORP. 
4170  Park  Awonue,  Bronjt.  Kew  York  10457,  (212)  CY  9  0300 


"THE  COMPLETE  HAM  STORE" 
WHERE  YOUR  DOLLAR  BUYS  THE  MOST 

All  leading  lines  of  amateur  gear; 
We  give  best  trade-In  allowance 
for  your  gear  on  new  equipment: 
Call  us  for  the  best  deal: 

WE  PAY  CASH   FOR  HAM  &  CB  RADIOS 
CALL  OR  WRfTE 

BOB'S  AMATEUR  ELEaRONICS 

927  N.W.  Tst.  St..  OKLA.  CITY,  OKLA.  731  Oi 

Phone  405-CE-5^63&7 


SI  Lie,  RECTI  F,  8000  PIV  400  MA.  Larg^  iiBefs  icrmin. 
invent*,  not  mecti  1  Slater  SLji08-2,  Max:  leirerse,  Z  uA: 
fwd   drop.   E.2   v.   Cost  $3  ea.  *e  i^f^ 

Bakel.   encapgul,    9r3^Yl*'  ht  oa.    PAIR    Postpaid  aPijU 

MARCONI  FM  DEVIATION  METER  TF^934,  reguUrly 
$!SdU.  Kujids  dev.  w/rangts  5.  25,  75  kc.  Has  audio  moiillor. 
Made  for  MlU  2^-100  mc.  ca^il3^  reaches  IQOO  mc  on  bar-^ 
monkft:    we    Include   all   Instructions.  ^t%Mtk  HA 

Checked    i^iU    roiidy    to    use. , . .  ^     SpZ49idQ 

Brand  New  VHF  rcvrs  look  like  BC-453  Conimticiil  \ni[  tire 
y-tube  ltJ8*135  mc\  2  uv  sens.^  2  rf'Sj  3  IF's:  nosie  Imtr; 
ave.  W/schem,,  Instruct*,  spline  knob,  &  graph  to  set  freci. 
bj'  Goufitlng   turns.    A,RX.   Type    I3B,    2St   htr  *_.  __ 

wiring;   Tsr    shpg,    wL    , ,,.,.,, , SZ2»yO 

R32   is   same  but   w/sque!ctt;   I4v   htr^wlring $27.50 

R*23/ARC-S    Command    rcvr    190-530    kc. H.95 

A.R.C,    J2   #22   Coinmand   rcrr   540-1600   kc,.*  .-.*.*• .   17,95 

LM-14  freq,   melcT,  .01%   125  kc-20  me   .,<. .**     57.S» 

TS-323/UR    frc<j.    meter   20-480   njc,   .001%    „.. 169.50 

BC<22rs    OK    ,.. $B7.50         TS-I7S    OK     ........  J27,50 

CLOStNG  OUT  Radio  Reeei¥ers  3s- 4000  mc  ni  CRAZY 
LOW     PRiCES!    Aste    for    AFR-4/4YCV-253    sheet. 

ALL*  BAND  SSB  RCVR  BARGAIN:  Hallicrafters  R-45/ 
ARR-7..  550  kc  to  43  mc  continuous.  Voice,  CW,  MCW, 
aligned,  grid,  w/book;  2'RF,  2-IF's,  S>meter:  noise 
Imtr:    3   ill,    0    non-iti   selectlTity  ijn  en 

choices,    LesH    pwr    splj^ ^       1 49 iDO 

fiO   cy  PUT    sply:    $.^0.    Si?B    prndiirt   detector:    .,.S20 

WANTED:   GOOD   LAB   TEST   EQUPT   &  MIL  COMWUNIC. 

TIME   PAY    PLAN:  Any  purchti^e  totaling 


Siao.QfHi    nt   miire,    down    payment   only 


10% 


DO  NOT  ASK  FOR  CATALOG!  ASK  FOR 
SPECIFIC  ITEMS  OR  KINDS  OF  ITEMS  YOU 
NEID!  WE  ALSO  BUY! 


R.  E.  GOODHEART  CO.  INC. 

Box  1220-GC.  Bevedv  Hills.  Calif.  90213 

Phones:  Arco  213.  office  272-5707,  messages  275-5342 


TRY  US  FOR  HIGHEST  TRADE-INS 

Swrin    240-tlS&,00 — Swan    120-fD&.Q0 
6N2-Lin.    2000   PEP-F/C   349.OO-T-B0lt 
Thtinderboll   Lin.    Amp.    325.00-Tepilar 
SB30O-249.0O^SB40O-2J*5.OO 

HX-50 -190. 00— HQISO -249,00— HQ170AC-2S9.O0 
Largest  stock  of  used  equTpntent  on   hand 

FRECK    RADIO    &    SUPPLY    CO.,    INO* 

3S    BJltmore   Ave.«    Asheville,    N<   C,   20301 


GET  IT  from  GOODHEART! 


EVERYTHING    UNCONDITIONALLY   GUARANTEED 


Ph.   704-254-9551 
T.  T,    Freck   W4WL 


CLOSED    SATURDAYS 
Doug  Joties  WB4IH0 


HEATH  APACHE  transmitter  for  sale  for  $130. 
In  excellent  condition.  Will  ship.  WA42GQ  Hod- 
ney  Bland,  512  Roberts  St.,  Ahoskie.  N.C.  27910. 

BROADCAST  TV  UO.  camera,  camera  chain,  std. 
R.M.A.  sync  generator^  w/interlace,  D-A/s,  tripod^ 
lenses  and  many  various  associated  TV  equip., 
reg,  supplies,  etc,  $1,500,  W.  Kayler,  205  Iionsdale 
Rd,,  Prospect  Heights,  ni,  60070,  312-25^-8791, 
S.A,S.E.  for  list. 

PM     RB— AF     68— AC-DC     SUPPLY     $150.     Clegg 

66ER  $140.  New  Heath  capacitor  checker  $20.  You 
pay  shipping.  WB4HNT.  3799  MacLamar,  Mont- 
gomery, Ala.  36111, 

LAB  TUNED  RTTY-88MH  TOROIDS.  $2.50  ea. 
p.p.  1275.  2125,  2295,  2975  Hz.  Ask  for  other  freq. 
R,  Jeffrey.  Wti0XK,  639  Outlook  Ave,,  Oakland, 
Calif.   94605. 

KLEINSCHIVIIDT  TT76A  (typing  reperf,  keyboard, 

TD>   Sc  Table)   Brand   new   with  manual   &   spare 

parts  5100;   2  KW  bandswitching  linear  amplifier 

using  a  pair  of  4-400  A's  with  CCS  power  supply 

S350  or  trade  for  Drake  R-4,  Will  deliver  within 

100  miles.  Warren  WA3JYI,  2828  S.  Simpson  St, 
Philadelphia,   Pa. 

WANTED:  For  private  collection,  radio  gear, 
parts,  L':italogues,  spark  gear,  tubes  made  be- 
fore 1927.  Especially  DeForest.  Federal,  Grebe, 
Kennedy,  early  Atwater  Kent,  Paragon,  Mar- 
coni. G.  Angle,  Clear  Lake,  S.  Dak.  57226. 

FRESNO  HAMFEST,  May  3-4-5th  at  the  Tropicana 
Motel,  4061  N,  Blackstone,  Fresno,  Tickets  S8 
until  April  27th,  include  registration,  prizes,  ban- 
quet, etc.  Send  to  Box  783,  Fresno,  Cal.  93721. 

APR4  COMPLETE  with  3  tuning  units.  2-38  Mc 
to  95  Mc.  1—74 — 320  Mc.  A  steal  for  $75.  K.  R, 
Hancock.  P.O.  Box  299,  Endicott.  N,Y.   13760. 


'300;  SSO,  AM,  CW  filters  plus  2M  converter; 
excellent,  $200  or  best  offer,  SASE  for  other  Heath 
equipment.  Edward  F.  Jurow,  20314  Harding, 
Olympia   Fields,  IlL   604G1. 

EXCELLENT  CLEGG  66*er,  $175.  RIVIE  4350,  $75, 
Must  sell  for  college  expenses.  Larry  Jennings 
WA0PLE,  Box  176,  Basehor,  Kansas  66007, 

SHACK  CLEAN  OUT  SALE:  Incrm,  Osc.  Chassis, 
units  indue  lOXtals  from  10  to  llMhz,,  tube. 
toroid  step  relay,  plug,  trimmer,  etc.,  S40  Value, 
only  S3  ea,  Eimac.  RCA.  Ampex  tubes:  833.  6155. 
T378,  5867,  304TI.,  4X500,  3X3000,  SK300,  S14  each 
gntd.    6166,   3CX10,000,   4-1000.    S49   each  RCA   Dual 

Xtal  Ovens  §1.  3/S2.  6M  or  10  M  FM  Xmter— $14. 
SW54  RcvT.— S25,  Mohawk  RXl  Rcvr.— S99.  TX86 
Xmter— $59,  Walkie-Talkies— S4  ea,.  TN3B,  TNIB 
Convert — $14  each  6  &  2  M.  convert — $9,  Sola 
2%  P/S.  200-300 V,  250  ma— $9.  $5  for  Surprise  Box 
of  Miss,  Pieces.  WA8GFR.  1423  West  52,  Cleve- 
land,  Ohio  44102, 

DAYTON  HAM  VENT  ION  April  27,  1968— Wampler 
Arena  Center,  Dayton,  Ohio,  sponsored  by  Day- 
ton Amateur  Radio  Association.  QSO  in  person 
at  the  nation's  foremost  radio  event  of  the  year. 
Technical  sessions,  exhibits,  hidden  transmitter 
hunt.  Bring  the  XYL  for  an  outstanding  Ladies 
Program,  Join  the  satisfied  participants  who  re- 
turn year  after  year  In  celebrating  Ohio  Ama- 
teur Radio  Week.  Watch  the  Ham  ads  for  infor- 
mation or  write  Dayton  Hamvention,  Box  44, 
Dayton,   Ohio,  45401. 

FOR  SALE:  National  NC-300,  and  2  meter  con- 
verter, $150.  Barker  &  Williamson  B&W5100B 
with  Heath  SB-lO  side-band  adapter,  $110.  David 
Ruth,  256  The  Uplands,  Berkeley,  Calif.  94705. 
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IMT  GALAXY  III  SSB  Transceiver,  Galaxy  12 
VDC  Mobile  Supply,  Turner  Mobile  MIC,  Instruc- 
tion ManuaL  $295.00.  KSUAW  Mai  Oakes,  a56 
Yacon,  Vista,  Calif.  Phone  714-724-7584. 

REPLACE  TUBES  in  Health  VTVMs  with  FETs 
and  Silicon  diodes.  Performance  including  Tem- 
perature stability  maintained,  portability  added. 
All  components  with  complete  instructions  $10.00. 
Send  schematic  for  quote  on  other  VTVMs.  Cir- 
cuits Maximums,  906  Carnegie  Avenue,  Plainfleld, 
New  Jersey,  07060. 

SEE  MY  AD  on  page  123  of  73  Magazine  for  Janu- 
ary— will  trade  for  stereo  tape  deck,  recorder, 
35  mm  photo  en  larger  or  camera,  or  what  have 
you?    KIABE— Rumford.  R.I.   0291$, 

lOB  WANTED,  French  F9WK  wants  electronics 
job  in  States.  Age  35,  18  years  electronics  experi- 
ence, excellent  English.  W4BXD  will  sponsor. 
Address  A/C  Falmet  Bernard*  E.R.V.  04-94,  18 
Avord-Air,  France,  or  W4BXD,  James  W.  Hud- 
gins,  1213  East  Clinton  Avenue,  Huntsville,  Ala, 
35801. 

PRINTED  CIRCUIT  KITS,  etching  powder,  3  clr- 

cuit  boards,  resist,  circles  and  tapes,  $3.50 
PPUSA48,  Calif,  add  tax.  William  Deane,  8831 
Sovereign  Rd..  San  Diego.  CaL  92123. 

BLANK  PRINTED  circuit  boards  092-033  thick- 
ness copper  both  sides,  4^'  x  H*\  5  boards  §1.50  plus 
postage.  Bill  Hay  ward,  3408  Monterey,  St.  Joseph, 

Missouri  64507. 

TRADE    SWAN    350    in    good  working    order    for 

Swan   250   in  same  condition.  J.  P,  Delaney,   1452 

Calle  Madreselva,  Thousand  Oaks,  Calif.  91360. 
Telephone  805-495-5546. 

-  — -  ■    — -^^mT 

Hq«>ilO  $100;  DX-AirO  $45;  0^11  scope  $30.  All  with 
manuals  and  in  gud  condx.  WBSPBI,  612  Miller 
Ave.,  Pacifica,  Calif.  94044, 

WANTED  IN  GOOD  CONDITION:  Complete  set 
Codex  Tapes;  Ham  M  Rotator;  Millen  Grid  Dip- 
per; VHF  Gear.  Hal  Lami  K4GGV,  RR5,  Box  334, 

Mobile.  Ala.   36608. 

REWARD  for  information  leading  to  procurement 
on  manual  on  Yuba^Dalmotor  mobile  linear  and 
power  supply.  Roy  B rougher.  W4IK,  3743  Wesley 
Drive,  Montgomery,  Ala.  36111, 

SBE-33  TRANCE  I VER  with  DC  supply  and  mount, 
perfect,  $200.  HR-10  receiver,  excellent,  S55.  DX-20 
Transmitter  excellent.  S25.  David  Ruscitti 
WAIFRC,  63  Grant  St.,  Milford.  Mass.  01757. 

RETIRED— Moving  QTH — Must  clean  out.  Meters 
— ^oil  condensers — amplifiers —modultator — dyna- 
motors-^transformers — ^tubes,  etc,  Sase.  5  p.  list. 
Trites.  WIJJ.  165  Parkway.  Melrose,  Mass.  02176. 

FOR  SALE:  420  Sams  PF,  covering  Nos,  1-620— 
S250,00;  13  volumes  Rider  TV  manuals — S150.00; 
N.R.I.  Radio-TV  course,  6  volumes  W/VTVM  & 
chassis— $75  00.  All  FOB.  WB2YYX  Robert  Wendel, 
160-20  Grand  Central  Pkwy.,  Jamaica,  N.Y.  11432. 

KNIGHT  T-ISOA  XMTR  S75;  R-IOOOA  rcvr,  all 
extras,  $15;  Mike,  xtals,  SWR,  FS  meters,  Coax 
Antenna  Switch,  S25;  Mint.  Steve.  107  WilHam^ 
Sikeston,  Mo.   63801. 

HT-44  WITH  PS-150-120,  $240:  Drake  2B  with 
crystal  calibrator.  $190;  selling  both  in  excellent 
condition.  Also  selling  SB-33,  $140,  works  well 
with  Heathkit  MP-10,  $18,  FOB  Railex  Lompoc; 
WA6PGA,  RFD  A97;  you  can  phone  me  at  805- 
736-3762  for  $1  for  less  at  night  rates< 


SURPLUS  ELECTRONICS 

ARC- 1    100-156  Mc,  transceiver— $20.00. 

Measurements  model  84  signal  generator— 
$100.00. 

A  PR- 5  1000^6000  Mc.  rcvr,  I  15  v.  60  cycles, 
unused— $100.00. 

Kin-Tel  50B-50  Absolute  Voltage  Power  Supply — 
$[00.00. 

902'A  2-rnch  cathode-ray  tube,  new— $2,95. 

HundredB   of  other  items  for  the   home- 
hreweT&  experiTnenter,  Sejid  10^  for  fiyer^ 

JEFF-TRONICS 

4252   Peori  Rd.        dept.  c        Clevelond,  Ohio  44109 


HOBBY  KIT: 

inst  ths  toQli   for   working    an    that   Mplyment:    Coneisti   &f 

one  eaefi: 

4%*  VACO   Long   Nose    PUen 
IH*   YACO   Diagonal   Cutters 
Wire    Stripping    &    Cutting    Tool 
Mld(tct   Screw   DrlTer: 
10    Foat    Printed    Circuit    Solder 
Only    $T.9S    Poalpafd     In    U.S.A. 
Froe  Tool   and    Part   Catalog   Available 

BIGELOW   ELECTRONICS 
Qept.    ;33,    P.O.    Box    71  Bluffton.    Ohio   458r7 


VHF-UHF 


Converfers  and  Preamps  for  50  fhru  432  Mc« 

Wrffe  for  ffferafure. 

PARKS  ELECTRONICS 

419    S.W.    First    Beaverton,    OR.    97005 


LARGEST  SELECTION  in  United  Sffafet 
AT   LOWEST   PRICES-^8    hr*   dftilvery 

Thousand*    of    frtquonclti  In    itoet. 

Typ«s      Incfud*      HCi/U,  HCII/U. 
FT-241,  FT.24I.  R  171.  %\c. 

SEND  IH  for  catalog  wfth  oiclMitor 

circufh*  R«ftrnd«d  on  firtf  ordar. 

2400B  OrytUJ   Dr*  FL  My«rt,  FIl  tSfOr 


CRYSTALS 


ETCHED  CIRCUIT  BOARDS 


N'ovice  TrtRS.    ,,.*,*. 

,2,75 

RTTY   Encoder    -,•,., 

,2.50 

Vni'  Blppen    , 

.2.25 

L^b   Supply    4,  ,*..... . 

.S.50 

Keyer  * ,,  ^  -.,,,,.,,, . 

,4.S5 

Novice    rec.    - 2*75 

ETTY    Decoder     * .  -  *  -  .4.00 

^ym,    Bridge     L25 

144  ConTerter  5*75 

CF  Ot^   Man*    ..>.,,. L25 


Send   order  or  Catalai    request  to   •  ,   . 

HARRIS   CO. 
BOX  S85,    TORRINOTQN,    DONN.   €6790, 
Conn.  Bes,   add  ealefi  tax* 


WE  PAY  CASH 

TUBES 

lewispaul  ElectronicSr  Inc. 

303  West  Crescent  Avenue 

illandale,  New  Jersey  07401 


J 
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WANTED 

ILITARY  SURPLUS  AS  TRADE-IN'S 

WE  OFFER  new  boxed  Ameco,  Di'ake, 
Eimac,  E-Z  Way  Towers,  Gonset,  Ham- 
raarlund,  Hy-Gain  antennas,  Ham>M 
Rotors,  National,  SBB,  Sonar,  Swan, 
Also  reconditioned  ham  equipment 
taken  in  as  trade. 

WE  NEED  unmodified  surplus  equip- 
ment with  prefix  ARC,  ARN,  ARM, 
APN,  APX,  APS,  APE,  BC,  FRC,  GRC, 
UPX,  GPM,  GRM,  PRC,  MD,  URM, 
UP  A,  UPM,  URG,  USM,  URR,  VRC, 
TED,  TRC,  TS,  also  Bendbc,  Collins, 
Boonton,  Bird,  Measurements,  ARC, 
GR,  Tektronix,  Commercial  Equipment, 
Collins  18S-4,  17L,  5 IV,  SlY,  618S, 
618T,  51X,  51R,  51J,  and  R-278/GR  Re- 
ceivers, T-217/GR  Tyansmittters,  MD- 
129/GR  Modulators,  MT-686/GR  Racks, 
AT-197/GR  Antennas,  Tech  Manuals 
and  Tubes. 

CLEAN  OUT  YOUR  SHACK  by  send- 
ing us  your  list  of  surplus  for  trading. 
It  might  be  worth  more  than  you  think. 
List  what  you  have  and  what  you 
want. 

Write,  Wire,  Phone  Bill  Slep,  W4FHY 

SLEP  ELECTRONICS  COMPANY 

Drawer  178P,  Highwov  301 

ELLENTON,  FLORIDA  33532 

Phone  (813)   722-1843 


U.  S.  CRYSTALS 

Surplus  CrY^fals  —  Amafeur 

FT243,  DC34,  CRIA/AR,  FT241, 
HC6/U  and  other  misc,  crys+afs 

Wtlfe  for  free  Cataloq 

U.  S.  CRYSTALS 

P.O.   Box  78397 
Los   AnqeieSt   Colif. 


ALL  BAND  TRAP  ANTENNA ! 


deducts  Ir^tirfertnct  und 
Noise  en  AM  Makes  Short 
Wave       Reeeivflrs.       Makes 


World 

Stranger, 

Bandsl 


Wide        Reception 
Clearer    on    All 


Amateitf 
mitters.       Rated      at 
WatU  AM  2000  SSe 
or       Link       Dirett 


1000 

PlN€t 

Feed, 


Light,    Neat,    Weat  Her  proof, 


M  slimn  total  length  103  ft.  with  96  ft.  of  72  ohm 
twliillnf.  Hi -impact  molrtccl  resonant  traps.  Y(HI 
Just  tune  to  desired  band,  ExcdlciU  for  ALL  world-wide 
sjiort-wavo  receivers  aiul  umateur  trsiusnilttets.  For  NOVICE 
AND  AliL  CLASS  AMATEURS!  Eliminates  5  SGpurate  an- 
tennaa  with  excellent  performance  nroven.  Inconspicuous  for 
Fussy  NBighhfirhoodsI  EASY  INSTALLATION  t  Thouaanda 
of  u.^ers. 

75 '-Ift' 20-15- 10    meter   hands.    Complete    ,, —  ^.,.$1&.Q5 

40-On-in.iO  meter.  54  fL  <bcst  fur  swl's).  Complete  .  .$18J5 
SEND  ONLY  $3,Q0  (casli.  ch.,  Oio)  and  pay  porttm^n  halance 
COD  plus  postage  on  arrtral  or  send  full  price  for  postpaid 
dtilrei^.    Fre*    Information^ 

MIDWAY    ANTENNA    •    Dept   A-S    •    Kearney.    Nebr.  68847 


WE  PAY  HISHEST 

PRICES  FOR  ELECTRON 

TUBES  AND  SEMICONDUCTORS 

UNITY  ELECTRONICS 

107  TRUMBULL     STREET 

ELIZABETH,   NEW  JERSEY  07206 

(201)    3S1-4200 


WANTED:  TRANSMATCH— Mullen  or  Johnson— 
What  have  you.  State  price  wanted  and  condi- 
tion. Ollie  Eggen,  WA0ILrY,  Crane  Lake,  Minn. 
55725. 

MECHANICAL  ELECTRONIC  DEVICES  CATA- 
LOG IQc  .  -  .  Teletype  Model  14  reperforator  with 
automatic    tape    take    up    rewinder    115VAC60cy. 

Both  units  new,  unused  S69J5  ,  .  .  ARH27  Re- 
ceiver 29  tubes  465-518  MHz  w/60  MHz  if  new. 
unused  $35  .  .  .  1/16  laminated  copper  clad  2  oz, 
2  sides,  for  printed  circuits  9^^  x  41/2  SI  .  .  *  3/$2. 
Transistor  boards  bananza  §5.95  .  .  .  Wide  band 
balanced  modulator  $4.95  ,  .  .  30  MHz  IF  Assem- 
biy  $SJ5  ,  .  .  Transmitter  TDG  w/Modulator 
easily  converted  to  2  meters  S49J5  .  .  .  Low  pass 
filter  0-32  MHz  52  ohm  S9,95  .  .  ,  5KV/2KV/1KV 
at  750  ma/200ma/'250ma  Power  supply.  Write  for 
details.  Fertik's.  5249  "D".  Phila,,  Pa,  19120. 

IfTTY  GEAR  FOR  SALE.  List  issued  monthly,  8S 
or  44  MHy  torroids  5  for  §1.50  postpaid,  Elliott 
Buchanan  Sc  Associates,  Inc..  1067  Mandana  Blvd., 
Oakland.  California  94610. 

WANTED:  Military^  commercial,  surplus,  Air- 
borne, ground,  transmitters,  receivers,  testsets, 
accessories.  Especially  Collins.  We  pay  freight 
and  cash.  Ritco  Electronics,  Box  156.  Annandale, 
Va,  Phone  703-560-5480  collect, 

DUMMY  LOAD  50  ohms,  flat  80  through  2  meters, 
coax  connector,  power  to  1  kw.  Kit,  S7.95,  wired 
$11,95.  pp  Ham  KITS.  Box  175,  Cranford,  N.J. 

HAM  RADIO  CONVENTION:  The  Lockheed  Ama- 
teur Radio  Club  (W6LS)  will  hold  a  Ham  Radio 
Convention  May  18th  and  19th  at  2S14  Empire 
Avenue*  Burbank.  The  displays,  demonstrations, 
and  talks  will  be  of  interest  to  all  hams,  as  well 
as  to  those  who  plan  to  become  hams.  In  addi- 
tion to  displays  of  the  latest  equipment  and  ac- 
cessories»  top  speakers  will  provide  excellent  pro- 
grams both  days  and  prize  drawings  will  be  held 
throughout  the  2-day  event.  Full  particulars  are 
available  to  those  who  request  it  in  writing  or 
who  call  848*9340.  This  club  regularly  conducts 
free  amateur  radio  licensing  courses  which  are 
open  to  everyone  who  wants  to   become  a  ham. 

THE  ASTRO  Amateur  Radio  Club  Swapfest  Sun- 
day May  19,  Humphreys  Park,  Linton,  Indiana, 
Free  Lunch.  No  Charge.  Information:  Jr,  Barnard 
WA9RUU,   Route  2,  Linton.  Indiana  4744L 

LOUISVILLE  HAM  KENVENTION,  Saturday, 
August  31  at  the  Executive  Inn,  featuring  Dealers 

and  Manufacturers:  Technical  Forums;  Prizes; 
Contests:  Fashions  for  the  Ladies.  648  South 
Fourth  Street  40202. 


DRY  REED  PROXIMITY 


'J:JH//4ll 


Switch  Assembly 

The  *fth«r«fit  ^implr^ity  Of  1h#  bsik: 
ifry  rFvd  ^wUch  provides  long  life, 
am*  relijilMltiy.  Alni^d-S  maentt  **  (he 
force  to  actuate  Ihe  reed  swilch  mttH^ 
in  diUancea  of  1"  cent«rs^  Um«»  in- 
clude in1erlock«,  cDunters,  #larTn%. 
and  Dthf-r  »ppljcatidn^  rcquiHng  fi^i 
opetahons.  Rated  .5  amps  breakp  l.O 
ampi.  carry. 


985 


FREE 

CATALOG 
WRETE' 


Sivipp&d  prt^pAid  *^hen  check  ^ccomp.^j>rrs  otder 

ALCD5IAIITCH 

Div     or   ALCO   £L£CTWOrilC    PRODUCTS    INC.    LAWRENCE.    MASS. 
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!  SALE  ^  SALE  I 


K-Formefs   All    llW -SoCy  Primary— 

aSOOV^ICMa  &  Ffl  $2#  ,.,,,.... 4/$5 
llOOVCta  SODMa,  €v^  8A,  5V  @  3A  & 
123V    Bias,    abt    1200   VDC   $4@    ...S/$I2 

2.5V    @    2A    Sluf _.4   for    $2 

6.3  V    @    I A    $l.50(a> , . . .  ,4  for  $5 

20V AC  &  TAPS/ a,  12,  iO,  20V®  4A  $2^^ 
32VCT/IA  or  2XI6V®  IA  S3®.  4/$10 
4B0  Vct^  40Ma   8l  6.3#    L5A  CSD   $L50 

10   Vet^   5A    &.   7,5    Vet    m    5A    ,$5 

6.3   Vet    I5.5A   &.  6.3  Vet  ®   2A    $4 

7.5    Vct@     I2A    $3®    .,_.. 2/$5 


866     C.T./2.5V/I0A     FILAMENT 
XFMR    10    Ky    Insltd    $2(^ 3/$5 


BantfswTtch    Ceramle   5Q0W   2P/6P0S.    $2® 

5Hy'40aMa    Ciioke    $43     2/$5 

6Hy-  500M  a     55  3     2/16 

250 M Id  ®  450  Wv  Leetlytie  |3@,  5/SIO 
Cndsr  Oil  lOMfd  %  600V DC  45e®,  10/13 
Cndsr  on  6Mfd  '&'  I500V  $4^^  5  for  $10 
Line  Filter  200  Amp/ 130  VAC  $5,  S/S20 
DC  3</3*  Meter/RO/800Nla  S3®,  2/S5 
DC  2Vit''  Mcter/RD/lOO  Ma  $3(B, 
DC  2'/a*  Meter/RD/30VDC  $3@  ..-2/SS 
DC    4*    Meter/RD/Ono    MaM%    $5@,2/S9 

So«ket    Cersm't    lf^25    Tube    .5/11 

SoekM    Ceramic   866   Tube    ...*.5/|l 

Socket    Ceramic    4X  150/Lolttal    4/$ I 

XMTTG  Mica  Condsr  .006^  2,5Kv  2/Si 
Mini-Rectifier  25IVIa/l  (5VDC/FWB,  tO/$i 
W.E.    Parar    Reiayif255A    S4@.    _.3/$10 

RUSH  YOUR   ORDER   TODAY, 
QTYS  UMITEn 

ToroTds  aSMhy  New  Pekg  75e(®»   .,..4/$2 


I 


200    KC    Freq   Std   XtaU 

2  Side/cif  Printed  Ckt  Bd  Hew 
KJixon  SA  Reset  Ckt  Breaker  . 
2K  to  aK  Headsets  Good  Usfrd 
Flniihed    Piezo   Xtals   Blanks    ,. 

Lint  Filter  4,5A OH SV AC 

Lme   Filter  5A@I25VAC    

Boat   Filter  400    Ma'ai2dVDC    .. 
Boat  Filter  Inptit/SA  5:30VDC    . 
Ballentlne   ^300   AC/ Lab    Mtr. 
Choke    4Hy/0,5A/27Q    $3(5)     ... 
H*$ld    Stevens    Precision    Ghodpers    .. 
HoMpots    Multi    Ten *T urn   $4@,   4  for 


,~,-4/|2 
9X12"  II 
,...4/$l 

12 

...50/$ I 
for  $1 
for  II 
for  II 
for  $1 
....  $35 
...4/$ 10 

II 
$10 


6 
3 

a 

6 


Kellpot    Dials 


$3@.    2/$5 


D.    C.    Power    Supply    i(5V/60   to    800 
Cys.    Output    330:   Tap    165V    tip   to 


•'Brunlng'*   fi"   Parailel    Rule@    .- .$1 

PL259A  &  S0239  CO-AX  M&F  Pairs  3/12 
Phone  Patch  Xfmrs  Asstd  ....  4  for  II 
FT243  Xtaf  &  Holder,  surplus  ..  5  for  Si 
Insltd    Binding    Posts    '^EBY"    ....    25/$! 

Sun<Ce1ls  Selentum    Asstd |0/$1 

TO36/100W  Untested  Transistors  .  4/$* 
Tube    Clamps    Asstd     ,.,,,,...,  ,.,.20/$ f 

.01    Mica   600   Wv/lki^  test    .,. IO/$t 

.001  to  ,006  Miea/lSOO  WV/2.5Kv  ..8/11 
Sand  Pass  Fitters  60.  90.  150  eys.  .3/$3 
Bendii    Auto   Syns    ^^AY"   Series    ....2/$ I 

2.5MH    Piwoufid    5D0MA    Choke    3/|l 

Mini  Fan   G   or   12   VAC   $L50  each   .  .4/$5 

Beam    Indicator    Selsyns    24VAC    2/$5 

Teletype  TLf47  Feeler  Relay  Gage  ..2/Sr 
Fuse    250MA/3AG     ,__,  ..50/11,    300/$2 

DON'T    C—Wrke    &    Send    Order ! 
THFRMiSTOR-VARfSTOR  *  W.E. 


-•'«*. p.. *  + 


■.*».** 


10 
,10 

.2 
.2 


40A   and /or  41 A    . 
D  171631    Varistor 

097966    Varistor    ,. 

D 1 70396   HF   Pvrr   Mess 

iC    Bulb    Time    Del 

3a/C/20259  DB    MTR   Bridge  S2  ea, 
Octal   Sockets   Ceramie   &.    Maided    , 
Scope    Sockets,    Assorted     ......... 

304TL    or   829   Johnson    Socket    

WE    BUY!   SWAP   &   SELL 


for  $1 
for  1 1 
for  $1 
for  $1 
..4/SI 

.,  a/$5 

,25/11 
. .5/$l 
.•2/$t 


TRANSISTORS,    DIODES,    ZENERS 


I  SALE  ^  SALE  ! 


SUK-b 

HLit;uf 

l-UONT 

KOL     t 

ffcCTIF 

PRV 

I6A 

2SA 

PRV 

16A 

SO 

.50 

.75 

400 

LOO 

100 

.95 

1.20 

600 

1.95 

200 

L*5 

r.3o 

600 

2,65 

300 

1.40 

1,65 

1000 

3-70 

25A 
1.90 
2.75 
3.60 
4.50 


Untested    "SCR"    Up    to    25    Amps,    6/12 
Glass    Diodes    IN34,  40,  60*   64*   30  for   |l 


5U4  Sliicon  Tube 
5R4    Silicon    Tube 
866 A   Silicon  Tube 


^|.^@,     5  for  $5 

%i@,    3  for|9 

.SIO'®,    2  for  118 


ia 


TAB 


f  I 


SILICON    ONE    AMP    DIODES 


Factory  Tested  Sc  Guardnieed 


PIv  'Rms 
50   35 

Pl¥/Rms 

100/70 

,07 

Pfv/Rms 

200/140 

,10 

Piv/Rms 

300/210 

.12 

40O/2SO 
,14 

600/420 
.21 

600/ 560 
,30 

900/630 
40 

1000/700 
.50 

1100/770 
,70 

1700/1200 
1.20 

2400/168 
2.00 

^AU  Tests  AC  &  DC  &  Ftvd  &  Load! 


1700  Plv/1200  Rms  m 
2400  Piv/1680   Rms  @ 


750  Ma,   to  for  $10 
750  Ma.     6  for  $1 1 


Silicon 

Power    Diodes,    Studs    &. 

P.F.    •• 

0.  C, 

SOPiv 

lOOPlv 

200Piv 

300  PI  V 

Amps 

35  Rms 

70  Rms 

MDRmi 

2IORms 

12 

.25 

.50 

.73 

.90 

*^»    I& 

,20 

.30 

.75 

1.00 

45 

.80 

1.20 

1.40 

1.90 

160 

1  .&5 

2.110 

3.50 

4  60 

240 

3.75 

4.75 

7.75 

10.45 

D.  C. 

400Piv 

aoopiv 

700Pi¥ 

900Piv 

Amps 

280  Rms 

4  20  Rms 

490  Rms 

630Rin$ 

12 

J. 20 

1.50 

IJ5 

2.50 

••    18 

L50 

Query 

Query 

Query 

45 

2,25 

2.70 

3.15 

4.00 

160 

5.75 

7.50 

Query 

dtrery 

240 

14.40 

19,80 

23.40 

Query 

2   RCA  2N408  &,  2/IN2326  Ckt   Bds 
1N2326    Can    Unsnlrfer    6    for    $1 


MICA    MTG    KIT   T036r  T03.   TOIO.  4/$l 

ANDDI2ED    T036    INSULATOR    5/$1 

ZENERS  1  Watt  6  to  200V  ,  .eO@,  3/$2 
ZENERS  10  Watt  6  to  150V  $1@,  6/S5 
STABISTQR    UP    to    Ten    Watt,    20  for  1 1 

WMted  Ten  Sets    (TS)    8c  Equsp. 

•  TRANSISTORS  *  SCR'S  *  ZENERSI!! 
Full  Leads  Factory  Tested  &  GTO  J 
PNPI50  Watt/ 15  Amp  HiPwr  T036  Casel 
2N44i,   442,   277,   278,    DSSOl    Up   To 

50/VCBO     -$i@,    7    f©r   S5 

2N27S,  443,  174.  Up  to  80V  S2€^  4  for  |5 
PNP150  W/2Nl030t    i970  & 

2N2075.    2079 I2@, 

PNP  30  Watt/3A,  2NII5,    156,  235, 


3/15 
242 
for  $1 
.5for$l 
.4  for  $1 
.2  for  SI 
.4  for  $1 


254.  255,  256,  257,  301  40c'@  . 
PNP  2N670/300MW  35C(5)  ... 
PNP  2N671/1  Watt  50e(8  .,. 
PNP    25W/TO   2N53a.   539\   540 

2NI03S    6/$l.    2N1030     

PNP/T05  Signal  350MW  25c/^.  5  for  $1 
NPN/T05  Signal  IF.  RF,  OSC  5  for  SI 
Finned  Heat  Sink  180  SO*,  $l@.  3/$2 
Finned  Sink  Eauiv.  500  SQ''.  $3®,  2/15 
SILICON  PNP/T05  &  TOIS  PCKG 
2 N 327 A.  332  to  8,  474  to  9.  541  to  3, 
935   to  7   &    1276  to  9,   356?®    ..,,.,, 4/Sl 


T03   60 

to   90    Watt   3  to 

6A,    Up 

to     80V, 

up    to 

lOOhte. 

2N2I38, 

39.  40  & 

2NI529. 

30,  31, 

2N252e, 

90C'®    *. 

■■■■   *■.-»-** 

0  for 

ss 

III 


Send  25e  for   New   Catalog 


We  Buy,  Sell  &  Trade  As  Weill 

TERMS:  Money  Bc«ck 
Guarantee!  Our  24th 
Year.  $5  Min.  Order 
F.O.B.  N.  Y.  C.  Add 
Shipping   Charges. 

DX  LIBERTY  ST.,  N.YX.  10006  N.Y. 

PHONE    732-6245 

Sefsd  23c  For  Catalog 


"TAB" 


\  SALE  ^  SALE  ! 


1-177  Hiekock  Typo  Tube  Checkor  ..$35 
GE  YY2<I  Decade  Sealing  Counter  ..|25 
Pirani  Vacuum  Gages  ..,.,.,.  ...,..$27 
'ESC'  Var,  Pulse  Ten  Step  Defay  Ket^ 
work  TD.  5USEC/Z100  &  .05  to  ,5  ..125 
AM-TIME  PROD  500cy  Fork  &  Amp.  |20 
**VFC"    Vibrator    Feeder    Controlled 

Type    5 — (Shake    Table)     ..,., $50 

Bfaick  Llflht  Lamps  &.  UV  Sylvania  ..$2 
GE  190T3/CL-60V/Q-lnfraR  Lamp  ..$5 
BC746  Bantam   1   watt  less  Coils   3/$l 


ANY  REASONABLE  OFFER 
ACCEPTED  VACUUM  EQUIP, 
Welch  Duo^Seal  I4D2S  Lg  Cap  Hi 
Vacuum  140  Ltrs/lVI  &  Mtro  Mint  & 
LN  Consolidated  Vae.  Corp  PMC1I5A 
Diffsion  '*ION"  Pump*  &.  Like  New 
Hi  Vac  Valve  CVC-VCS2K  Like  New 
Temescal    VAC   Value.    New. 


W,E,    ^293    Spring    Relay   Tool    2/$l 

CD307A/6    ft   Cord    PL55   &    JK26    -.2/11 

Carborundum    Fine   6'   Stono    ..*2/|l 

5'Way   Red    L    Black    Binding    Posts.   S/fl 

We  Buy,  Sell  &  Trade  As  Weil 

Line     Filter    200A/230VAC.     $5@,     5/120 

Weston    0*  130V AC    3'    Rd. |4 

Elapsed    Time    Meters    I I5VAC   3*    , $6 

Variacs  0-l2nVAC/IOA  &  K&O,  LN  $16 
Vartacs  0- I35VAC/7.5A  &.  KSlB,  LN  115 
MiniFan  6/12    VAC/60cy  &    Blade   ..3/$5 

Untested    SCR     25AMP .*6/|2 

Untested  35AMP  SMieon  Pwr  Studs  4/|l 
Untested  12AMP  Silicon  Pow  Studs  B/$l 
Leece^Nev  (00A/I2V3PH  Sll  Rect  ..$16 
250MFD(S>450WVDC/LcGtlytte  $3aJ,   5/$  10 

50OMFD(&20OMVDC      $1@,     7/$5 

.0I2#25KV    *'GD"    Ky/ 

Capacitor I3@,    4/|10 

Vaccum.  RF/50MMF/20KV.  |4  ea,  3/110 
Mica    .0IMFD/8KV    RF/XMTG, 

WestCHi  -45/0,5%/ 1 50V DC  Lab  Meter  SZ7 
we    =^150 /Low    Freq    Carrier    Coils,    5/$l 

WSTGHS    Hi  Volts    10KV    Seopo    .135 

SPERRY    RF    Lab    Scope    .,,. $35 

'  AB'VPOTS    ASSTD 5/$l 

Delay    Lines    ASSTD /ESC/. 4     3/SI 

Insulation  Test/0- 1 500VOC  nenOES  $30 
fielay    INTRL0K/Putse/n5VDC 

OPDT ., $3(@,    3    for    $5 

Resistor    Bleeder   5OK/IO0W    ..,.3   for  $1 

Ampmlrs    30/60/ P20/240/480A 

AN   Type  Temp   Comp $3f@,   2/$5 

Seffd  23c  for  Caiahg 

DIseaps  .QOiro^lOOOWVPG  lOccS)  ..20/SI 
Dicaps.  2x  .004i«j  lOOOW  VDC  I5c®>,  iO/|l 
Discaps  .03'a'1000WVDC  ISC®  ....10/$l 
Oiscaps  ,01  'fiJ2000WVDC  I8em  ..6/11 
Discaps  ,001  a^SKVWDC  20e  5)  ....6/11 
DEseaps    .005(^5K VW VDC    25c{^     .,.5/|l 

Discaps     l30mmG/6KV     20e     ,...6/$l 

.02i5OWVDC 25    tor    $| 

6  or  I2VAC  Minifan  &  Blade  ..,....$1 
TDS/PIN    LUGS   for    B    &    E    _....I5/$I 

TOP  ^^^    lurn    FOR    -I'^^TT.   TT'BE?: 

18  Prcssfit  Di0des  to  100  Pt¥  .....5/$l 
MiCRO-MUSWiTCH  35A  AC/DC,  IO/$t 
2N40&    RCA    SHORT    LEADS,    5    for    $1 

Rheostat  &  Knob  100  ohm/50  watt  IO/$5 
Instant  Magnetic  Circuit  Breaker,  One 
Amp     Xtra     P.L,     Contacts     Protect     Rig 

Oil  Cndsr  I2MFD/2000WVDC  $5^,  3/$IO 
Oil      Cndsr      Strobe,      Photoflasb      25MFD 

2000V    G,E,/PyraiioL    |7@    2/110 

Micro    Switch    Assortment    ^8/$ I 

USN  Sound  Pwr.  Headset  &  Mike,  2/$l2 
Bar    Knobs    l2/$h    RD    Knobs    /a'..  15/11 

Neons    Va    Watt    . 5/11 

Neon     NE5I     Type     _. ,.I0/|I 

VARIAC/GR  750  watt/ 1 15V  @400  cy& 
useable    up    to    300    watt/60    eys    or    lower 

VAC    ..........  ^ $S@v    2  /  $5 

,0025    MICA/CM30/5O0WV    _. 25/11 

Daven   H/Pad  600  600  ohm   ^950   ..J0;^I5 

Ceramleon   30MMF/NOaO    ,.. 25/11 

Miea  .033/600WV/    I KV   Test    .6/SI 

Mica    .0035/5KV '2.5KV    wkg     ...... 4/|t 

Mica  .01 /500V  Postaaga  Stamp  ..25/11 
Mica  .Ol/SKV  wkg  l3A/iMC  ..,,,. 5 /$S 
Alnico    Magnet    15O0    Gauss/25    lb.    ,.2/S2 

Oil    Cndsr     IMFD/6KV     ,,,...3/$10 

Choke      ISOMA/lOHy ....,,,.2/11 

Oil    Cndsr    2   x    .72MKD/600VAC    ..IO/$l 

Relay    U5VAC    RBM    3A/ND     2/S2 

Interlock  SD    I2VOC/I.24A   1    li5VAC  $1 

Oalvonomtr    250-0-250    micro/A    , $2 

Fast  Chqr   100A/6  &    t2V   Rectiflor    $9 

Batty   Char   6&  i2V   up  to  6   Amp    ...  J7 
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From  the  blr+h place  of  the  greatest  fnventor  of  all  ages,  Leonardo  Da  Vincii  comes 
this  made-m-Italy — world's  most  practical  for  the  price, 


PRESTEL  FIELD  STRENGTH  METER 

Caiibrafed  from  40  to  860  Megahertii  from  10  to 
50,000  Microvolts,  Nothing  makes  it  easier  tb 
properly  artd  speedily  find  the  correct  place  to 
install  TV,  FM  and  Communication  Antennas,  You 
can  measure  and  hear  the  signals  with  this  4^2 
volt  battery  economically  powered  unit-  There  is 
nothing    else    like    iti 


[Modd  iT4Gl 


Only  $120.00 


We   continue   to   purchase   FOR   PROMPT   CASH 

small  and  large  inventories  of  electronic  equipment, 
tubes,  semiconductors,  etc. 

Wire,  write,  pAone  coffectf 
We  pay  freight  on  off  purchasesl 


v;;*T^  "Wi*"*- 


Liberty  Electronics,  Inc. 

548  Broadwayp  New  Yorkp  New  York  10012p  Phone  212-925-6000 


TELEVISION  TELEMETER 


TELEMETER  PAY  TV 
PROGRAM   SELECTOR 


Choice  of  3  DtOijranis  that  are 
tone  opcmttid  in  the  YHF  band, 
with  provisions  for  depositing  the 
amount  or  money  required  for 
each  program  as  Indicated  on  the 
coin  register,  and  that  also  shows 
a  credit  balance  when  an  over- 
payment U  made,  A  pre-recorded  tape  will  give  program  In- 
formation when  desired.  Wiih  Tubes:  1/12BH7,  l/GBEe, 
i/GBA8,    2/iyUH\    i"*  speaker,    coin   mecha-  ^m' m  05 


''*"*^^F;ji:j^ 


$ 
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nism,  tape  magazine,  otc.    Sl^e:  15  x  7  s  7"- 
Wl:   25  Iba.    #1001/5    *,. 

^^^^  ^^^^i^^si  TRANSCEIVER 

AP/IJTA-Ca  TBANSCEIYER  AM 
—115  to  152  MC  on  any  one  of 
ten  preset  frequencies,  crystal  con- 
troLled.  Power  output  approx.  5 
v^atu.  With  Tubes;  Trans,:  GAG5, 
2/GC4,  3/5765:  Mod.:  6AU(i, 
2/6C4,  ()AK6;  Eeo,:  3/6BH6> 
3/6BJ6,  6^1110,  «AG5,  &  12AT7. 
(JVo  crystals  supplied)  26  Yolt  DC  Dyna motor,  output  2(55 
VBC    and— 50    YX)C.     Size:    9    x    8    s    IB";    Wt. :    m    !bs. 


Price— Used    . . , , , , $24,95 

Schematic:   $1.00  Plugs:    SI. 50   ea.  Ant,    Plug:    50(;f 


LM   FREQUENCY   METER 

LM  NAITTTTPE  FREQUENCY  METEB: 
1 25^20, 00i>  KC  crystal  calibrated  Indi- 
cating: <>qulpment,  hetcrodyiiii  type;  ac- 
curacy .01  to  .02  depending  on  freq.  With 
modulation  500  cycle.  Voltage  required 
12/24  for  PIL  and  180  @  5  MA/475 
\T>C  @  20  MA,  With  1000  KC  crystal 
&  tiihes.  Also  calibraticin  book.  Units  have  been  used  and 
may  need  replacement  of  eorne  switches  or  minor  parts. 
Otherwise  guaranteed  serviceable.  Size:  7^  s  7%  x  8"; 
Wt* :  15  lbs.  Price   (as  describetl  nbove)    ,,.*.....  h  ..  *  .$24.95 

Prices   P.O.B,,  Lima,  0.^23%  Deposit  on   C.O.D/b 
BIG    FREE   CATALOG^ — Send  for  your  copy   today.   Dept.    73 

FAIR    RADIO    SALES 

DEPT.  73  —  P.  O.  Box  1T0S    —  LIMA,  OHIO  45802 
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sSvonsce.ver 


A  Complete  80-40  Metef 
MOBILE  PACKAGE! 


^^-^ 


.CO 


o.yo' 


Includes^  1  ea.:  Duo-Bander  84, 
DC384  Power  Supply,  one  Band- 
spanner  Antenna,  BDYF  Mount, 
350C  mic,  Mic  Plug,  PL  259  Pln^^ 
UG176/U  Reducer  and  25'  RG58/U 
coax  Cable.  ^U  supply  cables  are 
included* 

ORDER;  ZZMA103  package.  §279,95 
($14  monthly) 

OR... 

A  Complete  80-40  Meter 
FIXED  STATION  PACKAGE! 

Includes  1  ea.:  Duo-Bander  84,  AC4S  250 
watt  supply,  80/40  Duo-Doublet  Antenna 
kit,  350  mic,  Mic.  Plug,  PL259  Plug,  OG- 
176/U  Reducer  and  100  ft  RG58/U  coax 
cable* 


ORDER:  ZZMA104  Package.  $205,00 
($10  monthly) 

ORDER:  ZZMA105  Package,  $235.00 
(Same  as  above  with  400  watt  AC 
supply}  ($12  monthly). 
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A  Real  POWERHOUSE 

at  €K  Real  MTJIL  Bargain  Price? 

A  GREAT  l{IG.,,Now  even  Belter  than  Before! 

Designed  for  the  Amateur  whose  interest  is  80  and  40 
meter  SSB.  Here's  Power  (now  400  watts!)  to  make 
good  contacts • . . a  Selective  Receiver* . . Stability, •. 
Compactness  (only  5x11^4x10")*  It  was  a  great  value 
at  tlie  old  price-  Now  you  get  100  watts  more  power 
and  can  buy  either  of  these  two  great  packages  at 
$20.00  less!  Buy  now  on  our  easy  monthly  terms! 


•  400  watts  PEP-SSB  •  Rugged - 
Reliable  Printed  Circuitry  *  2k-Hz 
Dial  Cairbrotion  *  Dual-Speed 
Vernier  VFQ  tuning  •  E-Z  One- 
Knob  Tone-Up  — "Just  Peak  Out- 
put" *  Built-in  Speaker  ■  Mobile 
Bracket  supplied  *  Combination 
"S"  and  Output  meter  •  Crystal 
Lattice  Filter. 
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Use  this 

Handy-Quick 

Mail-Order 

Coupon  — 


WORLD  RADIO  LABORATORIES,  Inc. 

3415  West  Broadway     Council  Bluffs,  Iowa  51501 

Please  ship  me  the  following: 

n  Duo-Bander  84  66MA059  $159,95 

n  Duo-Bander  MOBILE  Package   ZZMA103 

D  Duo-Bander  Fixed  Package  ZZMA104 

D  Duo-Bander  Fixed  Package  ZZMA105 

D  Your  FREE  1968  HAM  Catalog 

n  My  Check  or  Money  Order  for  $ is  attached* 

n  Charge  it  to  my  WRL  charge  acct.  # . 
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@  $279.95=*^ 

@  $205.00* 
@  $235.00* 


You 
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*Sorry— these  reduced  prices  are  without  trade.  Write  us  for  trade-prices 

Name 

Address 

City 


Stale 


Zip 
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SIDEBAIMD  TRAIMSCEIVERS 


.■.'.V.''j-j"?i".-j".',. 


,-.-.-.-rj,'..'»™.'.'j>%'^ 


■-^-jiTL- ,%■,': 


*'The  TR-4  is  the  best  rig  t  have  ever 
known  to  be  made.  Glad  to  own  one/' 

Dan  Tafigorra,  WA7FWH 
Tacoma,  Wash. 
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Final!/  got  what  I  wanted!" 

Ronald  E-  Lyons,  WBZBQX 
Oaktiurst,  N,  J, 


if 


A  superh  piece  of  equipment,  nn 
comments  necessary. 

C.  G.  Noakes,  G3yHR/V02 
Labrador  City,  Newfoundland 

"Great  rlg^Frrst  contact  was  an  0N5 
in  Belgium/' 

BIIIBusse,  WA9TUM 
Mt  Prospect,  111. 

"Best  gear  I  have  had  the  pleasure  of 
working  with.  Receiver  is  exception- 
ally  sharp  and  stable/' 

Albert  V.  Mitchell,  WA9BUP 
Jeffersonville,  Ind. 

"Nothing  to  comment,  except  that  my 
rR-4  is  3  real  jewel,  and  1  am  very 
satisfied  with  it.  I  would  like  lo  re- 
ceive the  catalogue  of  your  products/' 

Joe  Braz  Ribeiro,  PY4UK 
Monte  Carmelo(MG)  Brazil 

"A  very  F.B.  piece  of  equipment.  Audio 
very  nice,  especially  on  SSB,  which  is 
rare/* 

Thomas  F,  Totten,  Jr,  WB2GZR 
Saratoga  Springs,  H,  Y. 


'^Running  it  with  a  Mosley  'Xfassic*' 
beam  and  proves  a  most  fine  and  nice 
transceiver.  Really  proud  of  It/' 

Orlando  Escudero  0,,  CE-l-OE 

Santiago,  Ghife 

'*looks  good-sounds  good-very  well 
pleased  with  performance/' 

Wayne  M.  Sorenson,  WAflETL 

St,  Paufp  Minn. 
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Have  had  Drake  2-B  for  three  years. 
Knew  that  TR  4  was  same  Good  Stuff/' 

Charles  E,  Bishop,  V^ASFTT 
Columbus,  Ohio 

"Just  what  I  always  wanted/' 

Daniel  N,  Hamiltonp  WA4WXQ 

Ashland,  Va, 

**Why  not  liuild  a  goad  6  Meter  SSB  & 
AM  Transceiver  .  ,  ,  hurry  up,  Vm 
waiting/' 

HaroldA.  Ztck,  WA9IPZ 
Creve  Coeur,  \\L 

''Eicellent  equipment" 

W,  I.  Newel r.  WBSliZU 
Palm  Spriiigs,  Calif* 

"OK,  too  X  100.  RV  4:  OX/W  4;  OK./ 
L-4:  0,K,  Very  Good!^' 

Fransclsco  Fau  Campmany,  TI-2-FAU 
San  Jose  de  Costa  Hica 

"A  beautiful  piece  of  equipment.  My 
second  piece  of  Drake.  The  first  was 
a  2-B  and  this  sold  one  friend  an  R*4 
receiver  and  another  a  TR-4.  We  are 
Drake*minded  here  in  town.  Many 
thanks/' 

Charles  E.  Boschen  Jr,  WA4WXR 

Ashland,  Va, 


"Vm  sure  thfs,  like  the  other  Drake 
equipment  I  have,  is  the  finest  money 
can  buy.  YOU  MAY  auOTE  ME  ON 
THAT." 

C.  E.  (Ed)  Duncan,  WA4BRU 
Greenville,  S.  C. 

"Fm  a  real  happy  man  with  it.  Does  a 
reaE  good  job  of  getting  thru/' 

Jerome  D.  Lasher,  W2RHL 
Hamburg,  N,  Y, 

"Replaces  my  TR*3/' 

D,  G.  Reekie,  V£  6  AFS 
Calgary  Alberta  Canada 

"Finest  performing  gear  I  have  ever 
had  the  pleasure  of  operating/' 

Milton  C.  Carter,  W2TRF 
Lakewood,  N.  J. 

"PS  Several  months  have  passed  .  .  , 
I  now  employ  TR-4  as  mobile  unit  and 
base  station,  hhave  legged  more  than 
1000  contacts,  many  being  rare  OX.  I 
am  looking  forward  to  owning  a  second 
unit  to  be  used  strictly  for  mobile. 
To  date  TR-4  has  been  trouble-free/' 

Milton  C.  Carter,  W2TRF 
lakewood,  H,  J. 

"Well  pleased/' 

Rev,  James  Mohn,  W3CKD 

Lititz,  Pa. 

"I  am  delighted  with  Drake  gear.  This 
Is  the  second  of  your  transceivers  for 
me.  I  have  used  a  TR-3  in  my  car  for 
about  2^  3  years -only  trouble:  replac- 
ing a  fuse!" 

Guy  N.Woods,  WA4KCN 
Memphis,  Tenn, 


^^As\  the  ham  who  oti^ns  a  1^ra\e  Tti^4 
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. . .  or  write  for  details  .  • , 


Dept358     R.  L.  DRAKE  COM P AIM Y  540  Richard  St„  Miamisburg,  Ohio  45342 


